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Mcl-1 GENE REGULATORY ELEMENTS 
AND A PRO-APOPTOTIC Mcl-1 VARIANT 



This application claims the benefit of priority of United States Provisional 
5 Patent Application No. 60/166,1 13, filed November 16, 1999, the entire contents of 
which is incorporated herein by reference. 

This invention was made in part with government support under Grant 
No. CA57359 awarded by the National Institutes of Health. The government has 
certain rights in this invention. 
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FIELD OF THE INVENTION 

The present invention relates generally to molecular biology and medicine and 
more specifically to Mcl-1 gene regulatory elements, to a variant Mcl-1 polypeptide, 
the expression of which induces apoptosis of a cell, and to methods of modulating 
15 apoptosis of a cell by modulating expression of the variant Mcl-1 polypeptide. 



O BACKGROUND INFORMATION 

Growth and development of an organism requires that cell proliferation and 
cell death be tightly regulated such that the organism develops into a normal, healthy 
individual. Such regulation ensures that cells are present in the position and at the 

20 time they are required, and are removed when their function has been performed or 
they are no longer necessary or are detrimental to the organism. A mechanism of 
programmed cell death, also referred to a apoptosis, has evolved and contributes, in 
part, to the regulation of development by inducing cells to die at the appropriate time. 
Similarly, various self-renewing tissues in an organism, for example, skin and 

25 intestinal epithelium in a mammalian organism, are subject to continual replacement. 
In order to maintain homeostasis in an organism, programmed cell death acts as a 
balance to cell proliferation such that the renewing tissue is maintained in a functional 
form. 
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It has become clear that dysregulation of apoptosis is involved in various 
pathological conditions. For example, many cancers are characterized by a defect in 
the apoptotic process, such that the number of dying cells in a tissue is decreased 
below its normal level, resulting in an imbalance of cell death and cell proliferation 
and consequent growth of a tumor. In addition, neurodegenerative diseases are 
believed to be caused, at least in part, due to the induction of apoptosis, resulting in 
death of neuronal cells. 

In view of the importance of apoptosis to the health and well being of most 
organisms, including humans, a great deal of effort has been directed to identifying 
the cellular molecules and pathways involved in the apoptotic process. As a result, 
several gene products that modulate the apoptotic process have been identified, and 
can be separated generally into two categories, each of which contains members that 
can function to either inhibit or induce programmed cell death. One category of gene 
products that modulate apoptosis includes the members of the Bcl-2 family of 
proteins. Bcl-2, is the best characterized member of this family and inhibits apoptosis 
when overexpressed in cells. Other members of this gene family include, for 
example, Bax, Bak, Mcl-1, Bc1-xl, Bcl-xs, and Bad. Some of these proteins, 
including Bcl-2, acts to prevent apoptosis, whereas others such as Bax, Bcl-Xs and 
Bak augment apoptosis. 

The second category of gene products that modulate the apoptotic process 
includes the family of aspartate-specific cysteine proteases (ASCPs; caspases). These 
proteases are related genetically to the Ced-3 gene product that was initially shown to 
be required for programmed cell death in the roundworm, C. elegans. The ASCPs 
family of proteases includes, for example, human interleukin-l-p converting enzyme 
(ICE), ICH-1 L , ICH-ls, CPP32, Mch2, Mch3, ICH-2 and ICE re isup-III. One common 
feature of these gene products is that they are cysteine proteases with specificity for 
substrate cleavage at Asp-X bonds. Although these proteases generally induce cell 
death when expressed in cells, several alternative structural forms such as ICES, 
ICEe, ICH-ls and Mch2(3 can function to inhibit apoptosis. 
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In addition to the Bcl-2 and ASCP gene family members that have been 
identified, it is likely that other as yet unidentified gene products exist that are 
important in mammalian cell death. For example, in addition to Ced-3, another 
5 C. elegans gene, Ced-4, exists and also is required for programmed cell death in 
C. elegans. However, a mammalian homolog of this protein has not yet been 
identified. The physiological control mechanisms that regulate programmed cell 
death and the mechanisms by which the cell death pathways interact with other 
physiological processes within the organism also have not yet been fully defined. The 
10 identification of genes and gene products involved in the regulation of apoptosis can 



provide a means to modulate the apoptoticTprocess' in-eellsrthus-allowing the 



development, for example, of methods for intervening in patfiolbgical conditions 
associated with abnormally increased or decreased levels of apoptosis, including 
during the growth, development and differentiation of cells in an organism. Thus, a 
1 5 need exists to identify genes and gene products involved in the apoptotic process in an 
organism. The present invention satisfies this need and provides additional 
advantages. 



SUMMARY OF THE INVENTION 



The present invention relates to substantiaUy_pure nucleotide sequences that 
act as regulato ry element£forje>^ression of a^Mcl^T^e^^n Mcl-1 gene 
_^regulatory-elem^nncludes"aTle about twenty contiguous nucleotides of the 
nucleotide sequence set forth as nucleotides 1495 to 1657 of SEQ ID NO: 1 

25 (positions -162 to +1 of the Mcl-1 gene 5'-flanking sequence as shown in Figure 3B). 
Mcl-1 gene regulatory elements are exemplified herein by a nucleotide sequence that 
includes nucleotides 1513 t o 1564 of S EQ ID NO: 1 (positions -135 tq^-92 of 3B), as 
well as by a nucleotide sequence that includes nucleotides 1495 to 1550 of SEQ ID 
NOrT(^sitions JL 162 to -107 of Figure 3B); nucleotides 1495 to 1564of SEQ ID 

30 NO: 1 (positions -162 to -92); nucleotides 1495 to 1606 of SEQ ID NO: 1 

(positions A&2to -51); nucleotides 1513 to 1550 of SEQ ID NO: 1 (positions -135 
to -107); nucleotides 1513 to 1606 of SEQ ID NO: 1 (positions -135 to -51); 
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nucleotides 1550 to 1657 of SEQ ID NO: 1 (positions -107 to +1); and nucleotides 
1606 to 1657 of SEQ ID NO: 1 (positions -51 to +1). A particularly useful Mcl-1 
gene regulatory element is exemplified by the sequence shown as nucleotides 1495 
to 1657 in SEQ ID NO: 1, which correspond to position -162 to +1 in Figure 3B. The 
present invention also relates to a vector that contains an Mcl-1 gene regulatory 
element as exemplified above. The vector can be an expression vector, and can 



contain a heterologous nucleic acid molecule operatively linked to the Mcl-1 gene 
regulatory element. A host cell containing such a vector also is contemplated. 




The present invention also relates to a substantially pure Mcl-1 gene, which is 
a nucleic acid molecule that encodes an Mcl-1 polypeptide, and includes 



nucleotides 1 727 to 3884 of SEQ ID NO: 1 (see, also, Figure l).(^dditional nucleic ' 
acid molecules of the invention are exemplified by a nucleic acid molecule containing 
nucleotides 16_57to 3884 of SEQ ID NO: 1; or containing nucleotides 1495 to 3884 of 
SEQ ID NOfiTorcontaining 1 to 8253 of SEQ ID NO: 1 (see, also, Figure 1). 
Nucleotide sequences complementary to the disclosed nucleic acid molecules also are 
contemplated. 

The present invention further provides a substantially pure polynucleotide 
encoding the Mcl-ls/ATM amino acid sequence, which is set forth in SEQ ID NO: 3 
(see, also, Figure 4A, lower sequence); as well as a nucleotide sequence 
complementary to such an encoding polynucleotide. A polynucleotide of the 
invention is exemplified by a polynucleotide containing nucleotides 1727 to 2414 of 
SEQ ID NO: 1 operatively linked to nucleotides 3768 to 3884 of SEQ ID NO: 1, 
wherein the linked sequence encodes the polypeptide of SEQ ID NO: 3. A vector, 
which can be an expression vector, containing such a polynucleotide, which can be a 
polydeoxyribonucleotide or a polyribonucleotide, also is contemplated, as are host 
cells that contain such a vector. 

In addition, the present invention relates to oligonucleotides, which contain at 
least ten contiguous nucleotides of SEQ ID NO: 1 and can hybridize specifically 
either to a splice junction of the disclosed Mcl-1 gene or to a polynucleotide encoding 
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an Mcl-1 variant polypeptide as disclosed herein. Nucleotide sequences 
complementary to such oligonucleotides also are contemplated. An oligonucleotide 
that can hybridize specifically to a splice junction of the Mcl-1 gene is exemplified by 
an oligonucleotide that hybridizes to a portion of SEQ ID NO: 1 that includes 
nucleotide position 2414, or nucleotide position 2766, or nucleotide position 3013, or 
nucleotide position 3786 of SEQ ID NO: 1 . In particular, an oligonucleotide of the 
invention hybridizes specifically to a nucleotide sequence of SEQ ID NO: l^th at 
includes at least three nucleotides 5' and contiguous to a specified nucleotide position, 
and at least three nucleotides 3' and contiguous to a specified nucleotide position. As 
such, the oligonucleotide spans an exon-intron junction of the Mcl-1 gene. 

An oligonucleotide that hybridizes specifically to a polynucleotide encoding 
an Mcl-1 variant polypeptide as disclosed herein is exemplified by an oligonucleotide 
that hybridizes specifically to a nucleotide sequence of SEQ ID NO: 1 that includes 
nucleotides 2412 to 2414 of SEQ ID NO: 1 linked to nucleotides 3768 to 3770 of 
SEQ ID NO: 1 . Such an oligonucleotide is characterized in that it hybridizes to a 
nucleic acid molecule containing the splice junction of exon 1 and exon 3 of the 
Mcl-1 gene. The oligonucleotides of the invention are useful, for example, as 
hybridization probes, as primers for a polymerase chain reaction, or as antisense 
molecules. 

The present invention also relates to a substantially pure Mcl- Is/ATM 
polypeptide, which has an amino acid sequence as set forth in SEQ ID NO: 3, as well 
as to peptide portions of Mcl-ls/ATM that contain at least three contiguous amino 
acids of the sequence set forth as amino acids 228 to 271 of SEQ ID NO: 3. As 
disclosed herein, the sequence set forth as amino acids 228 to 271 of SEQ ID NO: 3 
are unique to Mcl-1 /ATM, and are not found in the full length Mcl-1 polypeptide, or 
in other proteins as determined by a database search. As such, the invention also 
relates to antibodies that can interact specifically with an epitope of Mcl-ls/ATM 
(SEQ ID NO: 3), butnot with an epitope of the full length Mcl-1 polypeptide (SEQ 



ID NO: 2). 
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The present invention further relates to a method of expressing a nucleic acid 
molecule in a cell by introducing into the cell the Mcl-1 gene regulatory element as 
disclosed herein, such that a nucleic acid molecule that is operatively linked to the 
Mcl-1 gene regulatory element is expressed in the cell. In one embodiment , the 
Mcl-1 gene regulatory element integrates into a region of genomic DNA in the cell, 
such that an endogenous nucleic acid sequence to which the Mcl-1 gene regulatory 
element is operatively linked is expressed. Such a method allows the identification of 
nucleic acid molecules that can be expressed in a cell from the Mcl- 1 gene regulatory 
element, and further allows the identification of a function of the expressed nucleic 
acid molecules in a cell in which they otherwise might not be expressed. 

In another embodiment, the Mcl-1 gene regulatory element is operatively 
linked to a heterologous nucleic acid molecule prior to its introduction into the cell, 
then, following introduction into the cell, the heterologous nucleic acid molecule is 
expressed from the Mcl-1 gene regulatory in the cell. Such a method provides a 
means for the selective expression of the heterologous nucleic acid molecule in a cell, 
which can be, for example, a hematopoeitic cell or a cell is involved in a pathologic 
condition. In particular, the heterologous nucleic acid molecule can be expressed in a 
cell that also expresses an endogenous Mcl-1 gene product. 

Additionally, the present invention relates to a method of identifying an agent 
that can modulate expression of a nucleic acid molecule operatively linked to an 
Mcl- 1 gene regulatory element. Such a method can be performed, for example, by 
contacting under suitable conditions an Mcl-1 gene regulatory element, at least a first 
protein that can interact specifically with the regulatory element, and an agent to be 
tested; and detecting a change in the ability to form a complex between the Mcl-1 
gene regulatory element and the first protein. The agent can be, for example, a 
nucleotide sequence, a peptide, a peptidomimetic, or a small organic molecule such as 
a pharmaceutical agent. Suitable conditions for performing such a method can be 
provided by performing the method in a reaction mixture in vitro or in a cell. A 
change in complex formation, which can be manifest, for example, by the formation 
of a complex, by the disruption of a complex, or by altered stability of a complex, can 
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be detected directly by detecting, for example, a change in the electrophoretic 
mobility of the complex (or of components of the complex), or indirectly by 
detecting, for example, a change in the expression of a reporter nucleotide sequence 
expressed from the regulatory element. 

5 

In one embodiment, at least the first protein and the regulatory element 
interact specifically to form a complex in the absence of the agent. The agent can 
alter a specific interaction of the protein with the regulatory element, for example, by 
disrupting a complex of the first protein and the regulatory element, or by stabilizing 
10 such a complex. Where the agent disrupts the complex, it can be useful for 

decreasing the expression of a nucleic acid molecule operatively linked to an Mcl-1 
~i\ gene regulatory element. Where the agent stabilizes the complex, for example, by 

fl altering or inducing an alteration of a component of the complex such as by effecting 

01 

y j phosphorylation of a component of the complex, the agent can be useful for 

r- . 

k v 15 increasing the expression of a nucleic acid molecule operatively linked to an Mcl-1 

4« gene regulatory element. 



In another embodiment, at least a second protein interacts specifically with a 
complex formed between the first protein and the regulatory element. Such a method 

20 allows the identification of an agent that alters a specific interaction of the second 
protein with the complex, thereby identifying an agent that can modulate expression 
of a nucleic acid molecule operatively linked to an Mcl-1 gene regulatory element. 
The second protein can be, for example, a kinase that can phosphorylate the first 
protein or another component of a complex comprising the first protein and the 

25 regulatory element, and the agent can inhibit a specific interaction of the kinase with 
complex comprising the first protein. Where phosphorylation of the first protein is 
involved in expression of a nucleic acid molecule operatively linked to an Mcl-1 gene 
regulatory element, the agent can be useful for decreasing such expression. 

30 In yet another embodiment, the first protein does not interact specifically with 

the regulatory element in the absence of the agent. Such a method can be useful to 
identify an agent that induces a specific interaction of the first protein and the 
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regulatory element to form a complex, thereby identifying an agent that can increase 
expression of a nucleic acid molecule operatively linked to an Mcl-1 gene regulatory 
element. 



5 In another embodiment, the first protein and the regulatory element are 

contacted with a compound that is known to affect expression of a nucleic acid 
molecule operatively linked to an Mcl-1 gene regulatory element. The compound can 
be a compound that inhibits expression of the nucleic acid molecule from the 
regulatory element, for example, an ERK inhibitor. Such a method can be used to 
10 identify an agent that alleviates the inhibition of expression due to the compound, 
thereby identifying an agent that, for example, can increase expression of a nucleic 
acid molecule operatively linked to an Mcl-1 gene regulatory element in the presence 
^ = of the inhibitor. 

^ 15 The present invention also relates to a method of identifying an agent that can 

4= modulate expression of a nucleic acid molecule operatively linked to an Mcl-1 gene 

regulatory element. Such a method can be performed, for example, by contacting 
under suitable conditions an agent and an Mcl-1 gene regulatory element, which is 
operatively linked to a reporter nucleotide sequence, and detecting an effect on 
20 expression of the reporter nucleotide sequence due to the agent. Expression of the 
reporter nucleotide sequence can be detected, for example, by detecting an RNA 
transcript of the reporter nucleotide sequence, or by detecting a polypeptide encoded 
by the reporter nucleotide sequence. A polypeptide reporter, for example, a 
(3-lactamase, chloramphenicol acetyltransferase, adenosine deaminase, 
25 aminoglycoside phosphotransferase, dihydrofolate reductase, hygromycin-B 

phosphotransferase, thymidine kinase, p-galactosidase, luciferase or xanthine guanine 
phosphoribosyltransferase polypeptide or the like, and can be detected, for example, 
by detecting radioactivity, luminescence, chemiluminescence, fluorescence, 
enzymatic activity, or specific binding due to the reporter polypeptide. 



L.- 
Lb 



30 



The present invention also relates to a method of inhibiting Mcl-1 gene 
expression in a cell by introducing an Mcl-1 gene regulatory element as disclosed 
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herein into the cell. The introduced regulatory element can, for example, compete 
with an endogenous Mcl-1 gene regulatory element for one or more cellular proteins 
that bind specifically to the regulatory element, thereby modulating transcription of 
the endogenous Mcl-1 gene. Since, as disclosed herein, an Mcl-1 gene alternatively 
can encode a full length anti-apoptotic Mcl-1 polypeptide and a truncated 
pro-apoptotic Mcl- Is/ATM polypeptide, such a method can be useful for inducing 
apoptosis of the cell or for increasing viability of the cell, depending upon which 
Mcl-1 isoform was being expressed in the cell. 



The present invention further relates to a method of modulating apoptosis in a 
cell by introducing into the cell an Mcl-1 gene. In one embodiment, the method is 
directed to inhibiting apoptosis of the cell by providing for the expression of an Mcl-1 
polypeptide encoded by exons 1 , 2 and 3 of the Mcl-1 gene in the cell, for example, a 
neuronal cell. In a second embodiment, the method is directed to inducing apoptosis 
by providing for expression of an Mcl-ls/ATM variant polypeptide encoded by 
exons 1 and 3 of the Mcl-1 gene in the cell, thereby inducing apoptosis of the cell, for 
example, a tumor cell. As such, the invention also provides a method of treating a 
pathologic condition by inhibiting or inducing apoptosis in cells involved in the 
pathologic condition. 

The present inv^tiorralso j-elates to a rnethod-of-inducing apoptosis of a cell 
by expressing the Mcl-ls/ATM polypeptide in the cell. Such a method can be 
performed, for example, by introducing a polynucleotide encoding the Mcl-ls/ATM 
polypeptide into the cell, and expressing the pro-apoptotic polypeptide. Such a 
method also can be performed an oligonucleotide that spans a portion of an intron and 
a portion of exon 2 into the cell. Such an oligonucleotide can hybridize specifically, 
forjsxcuii ple, to ah endog enous Mcl-1 gene transcript in the cell, particularly to a 
splice jun ction invo lved in splicing of exon 2 into the mature mRNA, such splicing of 
e xon 2 is inhibited, and the Mcl-ls/ATM polypeptide is expressed in the cell. As 
such, the invention also provides a method of treating a pathologic condition by 
inducing apoptosis in cells involved in the pathologic condition. 
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The present invention further relates to a method of identifying a cellular 
factor that can be involved in splicing of an Mcl-1 gene transcript. Such a method can 
be performed, for example, by contacting a cellular extract with an oligonucleotide 
that spans an Mcl-1 gene intron-exon splice junction, and detecting a cellular factor 
5 that binds specifically to the oligonucleotide, thereby identifying a cellular factor that 
can be involved in splicing of the Mcl-1 gene transcript. Such a method can be 
useful, for example, to identify a cellular factor involved in splicing exon 1 of the 
Mcl-1 gene transcript to exon 3 of the Mcl-1 gene transcript. 

10 In addition, the present invention relates to a method of identifying an agent 

that induces expression of the Mcl-ls/ATM polypeptide in a cell. Such a method can 
be performed, for example, by contacting a cell with the agent, and identifying the 
expression of the Mcl-ls/ATM polypeptide or a ribonucleic acid molecule encoding 
W the polypeptide in the cell. An agent identified using such a method can be useful for 

pj 1 5 inducing apoptosis of a cell, and can be useful for treating a pathologic condition such 

if" 

as cancer by inducing apoptosis in cells involved in the condition. 

LJ 

L The present invention also relates to a method of identifying a cell that 

21 expresses the Mcl-ls/ATM polypeptide by contacting the cell with a reagent that 

: "3 

£3 20 interacts specifically with the Mcl-1 s/ ATM polypeptide or with a ribonucleic acid 

molecule encoding the polypeptide. Such a reagent can be, for example, an antibody 
that binds specifically to Mcl-ls/ATM, or an oligonucleotide binds specifically to a 
nucleic acid molecule encoding Mcl-ls/ATM. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows an 8253 nucleotide human genomic DNA sequence containing 
the Mcl-1 gene. Lower case letters indicate an "ATG" initiator methionine codon, a 
first intron, a second intron, a "TAG" STOP codon, and 3'-untranslated sequence of 
30 the full-length Mcl-1 polypeptide, respectively. The complete genomic sequence has 
been deposited as GenBank Accession No. AF198614, which is incorporated herein 
by reference. 
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Figures 2 A to 2C demonstrate that a 162 bp region of the human Mcl-1 
5 '-flanking sequence directs basal expression and TPA-inducible, ERK-dependent 
regulation. 

5 

Figure 2 A shows reporter plasmids linked to serial deletions of the Mcl-1 
5 ! -flanking sequence in pGL2-Basic. Plasmid nomenclature indicates the amount of 
Mcl-1 5'-flanking sequence (base pairs) present (the major start site of Mcl-1 
transcription is designated as +1 and marked by the arrow; see, also, Figure 3B). The 
10 p(+l l)Mcl-lluc plasmid contains a segment of DNA representing nucleotides +1 1 to 
^ +160 of the Mcl-1 5'-untranslated region, which is present in all plasmids in the 

4j series. 

ASS 

m 

Figure 2B shows the results of luciferase expression assays. The abscissa 
5 j 15 shows "relative luciferase activity" and represents the ratio of the normalized activity 

^ = of each sample to that of the longest plasmid in the series (p(-1656)Mcl-lluc) assayed 

Q in the absence of TP A. The values shown are the mean ± S.E. of 5 or 6 independent 

experiments (the mean value is shown). The relative luciferase activity of the 
pGL2-Basic insertless control vector averaged 0.005 ± 0.002 (S.E.) and 0.006 ± 0.002 
20 in the absence and the presence of TP A, respectively. A pCMVluc plasmid assayed 
as a positive control in parallel with the test samples yielded a relative luciferase 
activity of 0.9 ± 0.2 and 105 ± 1 1 in the absence and presence of TPA, respectively. 
The results of these experiments were identical when analyzed with normalization for 
transfection efficiency (shown) or without normalization. Statistical analysis revealed 
25 that the effect of TPA was significant in each case (p<0.001), but that the different 
plasmids did not differ from each other either in the absence or the presence of TPA. 
Open bars are "absence of TPA" (basal); closed bars are "presence of TPA" (induced). 

Figure 2C shows the inhibition of Mcl-1 reporter plasmid activity in the 
30 presence of an inhibitor of ERK activation. Luciferase activity was calculated as in 
Figure 2B, except that normalization with pCMVhGH was not carried out, and the 
activity of each plasmid (p(-1656)Mcl-lluc or p(-162)Mcl-lluc, which were assayed 
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in separate experiments), was calculated relative to the untreated control for that 
plasmid. The values shown are the mean ± S.E. of 2 or 3 experiments with 1 to 
3 replicates per experiment. Open bars are "absence of TP A" (basal); closed bars are 
"presence of TP A" (induced). Lightly hatched bars are absence of TP A/presence 
5 of PD 98059 (ERK inhibitor). Heavily hatched bars are presence of both TP A 
and PD 98059. 

Figures 3 A to 3 C show the influence of the SRE, Ets and Spl sites in the 
-107 base pair region of the human Mcl-1 S'-flanking sequence on basal and 
10 TP A-induced transcription. 

4) Figure 3 A shows the reduction in transcriptional activity in the absence and 

SjJ presence of TP A upon truncation of the Mcl-1 5 f -flanking sequence to 

^1 nucleotide -107. As in Figure 2, the abscissa represents relative luciferase activity, 

0] 15 which is the ratio of the normalized activity of each sample to that of p(-162)Mcl-lluc 



assayed in the absence of TPA. The values shown are the mean ± S.E. of 
5 independent experiments (the mean values are shown). Open bars are "absence of 
TPA" (basal); closed bars are "presence of TPA" (induced). Numbers in parentheses 
indicate fold induction due to TPA. 

O 20 

Figure 3B shows various core regulatory elements present in the -107 base 
pair region of the Mcl-1 gene 5'-flanking sequence. Bold lettering indicates Ets, Spl 
and SRE transcription factor binding sites, as determined using the Matlnspector and 
TRANSFAC databases. The sequence shown is that of p(-162)Mcl-lluc, which 

25 contains 162 bp of Mcl-1 5'-flanking sequence as well as 160 bp of downstream 

sequence (+1 indicates the major transcriptional start site). The sites of deletion in the 
plasmids p(-107)Mcl-lluc, p(-51)Mcl-lluc, and p(+l l)Mcl-lluc are indicated by the 
filled arrows, as is the translation start site. Direct repeats in the region of the SRE 
are marked with open arrows (CCCCTTT on the coding strand) and elements with 

30 dyad symmetry character (6 out of 7 bp) are underlined on the coding strand 

(TTCCCCT; ATGGGAA). Two adjacent initiator sequences (YYAXT/AYY) at the 
major start site of transcription are marked by bold overlining. The asterisks mark the 
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Kg: a 



first and last nucleotides of the oligonucleotide probe used for electrophoretic 
mobility shift assays (SEQ ID NO: 10). 

Figure 3C shows the effect of mutation of the SRE 5 Ets 5 and Spl binding sites 
5 in the -107 region of the Mcl-1 S'-flanking sequence (see Example I). Relative 
luciferase activity was defined as the ratio between the normalized activity of the 
mutated plasmid and that of wild-type p(-162)Mcl-lluc. The values shown are the 
mean ± S.E. of 3 independent experiments, except in the case of the ASpl plasmid 
where an additional experiment was carried out with 6 replicate samples along with 
10 3 wild-type controls (the mean values are shown). ASpl (SEQ ID NO: 7); ASRE 

(SEQ ID NO: 9); and AEts (SEQ ID NO: 5). Open bars are "absence of TP A" (basal); 
closed bars are "presence of TP A" (induced). Numbers in parentheses indicate fold 
induction due to TPA. 

15 Figures 4A and 4B show the compares the full length Mcl-1 polypeptide and 

the variant Mcl- 1 s/ATM polypeptide. 



Figure 4A shows compares the predicted amino acid sequence of the full 
J* length Mcl-1 polypeptide and the variant Mcl-1 s/ATM polypeptide. The positions of 

□ 20 the BH1, BH2 and BH3 domains are indicated by the boxes. The PEST region is 

marked with dashed lines. The vertical line indicates the position at which the 
predicted Mcl- Is/ATM gene product diverges from full length Mcl-1 product; the 
novel sequence for Mcl- Is/ATM is indicated by italics. The C-terminal 
transmembrane domain present in wild type Mcl-1 is indicated by double overlines 
25 and underlines. 



Figure 4B is a schematic representation of the predicted full length Mcl-1 
polypeptide and the variant Mcl- Is/ATM isoform. Specific regions are as indicated in 
Figure 4 A. Arrow indicates region of exon 1-exon 3 splice. 

30 

Figures 5 A and 5B illustrate the structure of the human Mcl-1 gene and show 
how alternative splicing can occur. 
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Figure 5 A shows the intron/exon structure and G/C content of the human 
Mcl-1 genomic locus. An 8253 base pair region of human genomic DNA containing 
the Mcl-1 gene was sequenced (see Figure 1). The three Mcl-1 coding exons are 
5 numbered and the 3' -untranslated region (3'UTR) is indicated. The two introns are 
shown between the exons; the S'-flanking and 3 f -flanking regions are hatched. The 
regions encoding the BH1, BH2, BED, and TM domains are indicated; BH2 is 
encoded by exons 2 and 3. A GGCCCC repeat and two initiator sequences that lie 
upstream of exon 1 also are indicated by the black dot and upward pointing arrow. 
10 Two polyadenylation signals (AATAAA) are shown, with the former representing the 
full length cDNA and the latter beginning at nucleotide 2425 of the cDNA sequence 
(see Accession No. AF 1181 24, which is incorporated herein by reference). Alu 
:K sequences present in the S'-flanking and 3'- flanking regions of Mcl-1 are shown; 

embedded within the upstream Alu sequence is a retrovirus long terminal repeat 
g-5 15 (LTR), which has the properties of a 3'-LTR (heavily hatched regions). The C+G and 

^° CpG content is diagrammed below the sequence. 



DETAILED DESCRIPTION OF THE INVENTION 

20 The present invention provides a substantially pure human Mcl-1 gene 

(Figure 1), including a gene regulatory region (see Figure 3B) and a coding region 
(see Figure 5A). As disclosed herein, a portion of the S'-flanking sequence of the 
Mcl-1 gene acts as a gene regulatory element, and is involved in basal and inducible 
expression of Mcl-1 . As further disclosed, the coding region of the Mcl-1 gene 

25 contains three exons and two introns, and encodes two polypeptides, referred to herein 
as the wild-type or full length Mcl-1 polypeptide and the Mcl-1 s/ATM variant 
polypeptide (see Figure 4A), which arise due to alternative splicing (see Figures 5A 
and 5B). The full length Mcl-1 polypeptide is known to be an anti-apoptotic member 
of the Bcl-2 family of proteins, and its expression in a cell increases the viability of 

30 the cell under conditions in which the cell otherwise would undergo apoptosis. 
Surprisingly, the Mcl-1 s/ATM variant has pro-apoptotic activity. As such, its 
expression in a cell results in the cell undergoing apoptosis. In view of this 
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disclosure, various compositions are provided, as are methods of using the 
compositions. 

Accordingly, the present invention provides substantially pure nucleotide 
5 sequences or SEQ ID NO: 1 that act as regulatory elements for expression of an 
Mcl-1 gene. The term "regulatory element" broadly includes nucleotide sequences 
that can bind a protein factor involved in transcription or translation of a nucleic acid 
molecule that is operatively linked to the element; nucleotide sequences that can 
confer an ability to express or inhibit the expression of an operatively linked nucleic 
10 acid molecule; or nucleotide or encoded amino acid sequences that can direct 
localization of a polypeptide expressed from the nucleic acid molecule to an 
di intracellular or extracellular compartment. Regulatory elements are well known in the 

J* art and include, for example, gene regulatory elements such as promoters, enhancers, 

W and silencers; translation regulatory elements such as ribosome binding sequences and 

jU 

gi 1 5 polyadenylation signals; and cell compartmentalization signals such as nuclear 



f 5 ^ 



localization signals, secretory peptide signal sequences, and the like. 



Various portions of the Mcl-1 5'-flanking sequence that are involved in basal 
or inducible expression of the Mcl-1 gene are disclosed herein (see Example I). The 
f i 20 term "S'-flanking sequence" or "5'-flanking region" is used generally herein to mean 

the sequence of the Mcl-1 gene that includes and is upstream (i.e., in a 5' position) of 
the transcription start site (nucleotide 1657 of SEQ ID NO: 1; see position +1 in 
Figure 3B). As such, the 5-flanking sequence of the Mcl-1 gene is shown as 
nucleotides 1 to 1657 of SEQ ID NO: 1. 

25 

The present invention provides Mcl-1 gene regulatory elements, which can 
interact specifically with one or more transcription factors or can confer basal or 
inducible expression upon an operatively linked nucleotide sequence. As used herein, 
the term "Mcl-1 gene regulatory element" refers to a portion of the Mcl-1 gene 
30 S'-flanking sequence that includes at least about twenty contiguous nucleotides of the 
nucleotide sequence set forth as nucleotides 1495 to 1657 of SEQ ID NO: 1 
(positions -162 to +1 as shown in Figure 3B), and can interact specifically with a 
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transcription factor or can confer basal or inducible expression on an operatively 
linked nucleotide sequence. Numerous examples of nucleotide sequences comprising 
an Mcl-1 gene regulatory element are provided and additional Mcl-1 gene regulatory 
elements can be identified by detecting the ability of a sequence as disclosed above to 
5 bind a transcription factor or to confer basal or inducible expression on a nucleic acid 
molecule operatively linked thereto using the methods as disclosed herein 
(see Example II). 

As used herein, the term "transcription factor" means a cellular macromolecule 
10 that is involved in the regulation of expression of a gene. Transcription factors are 
well known in the art and include, for example, Spl and serum response element 
(SRE) binding factor (SRF), which, as disclosed herein, interact specifically with an 
Mcl-1 gene regulatory element, as well as RNA polymerase, transcription factor 
(TF) IID, TATA binding protein, CAAT binding protein, nuclear factor kappa B, and 
15 the like. Methods for determining that a transcription factor interacts specifically with 
an Mcl- 1 gene regulatory element include, for example, electrophoretic mobility shift 
assays (EMSA) as disclosed herein (Example I), or other methods known in the art 
such as affinity binding assays. 

20 As used herein, the term "operatively linked" means that two or more 

molecules are joined together in a functional manner. For example, a gene regulatory 
element can be operatively linked to a heterologous nucleic acid molecule such as a 
reporter nucleotide sequence such that, under the appropriate conditions, the reporter 
nucleotide sequence is transcribed from the gene regulatory element. Similarly, a first 

25 encoding nucleotide sequence can be operatively linked to a second encoding 

nucleotide sequence such that the sequences are in- frame with respect to each other 
and, therefore, can be transcribed and translated into a polypeptide, which can be a 
fusion polypeptide. 

30 As used herein, the term "substantially pure" means that the molecule being 

referred to, generally a polypeptide or a polynucleotide, is in a form that is relatively 
free of proteins, nucleic acids, lipids, carbohydrates or other materials with which it is 
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naturally associated. A determination that a polynucleotide or a polypeptide of the 
invention is substantially pure can be determined using well known methods, for 
example, by performing electrophoresis and identifying the molecule as a discrete 
band. A substantially pure nucleic acid molecule can be obtained, for example, by 
5 cloning the nucleic acid molecule, or by chemical or enzymatic synthesis. A 

substantially pure polypeptide can be obtained, for example, using methods of protein 
purification, or by a method of chemical synthesis. 

In one aspect, Mcl-1 gene regulatory elements such as the Mcl-1 gene 
regulatory element set forth as nucleotides 1513 to 1564 of SEQ ID NO: 1 
(positions -135 to -92 of Figure 3B), were identified by the ability to interact 
specifically with known transcription factors. As shown in Figure 3B, the Mcl-1 gene 
regulatory element includes several previously described regulatory elements, 
including an SRF binding site, an Spl binding site, and an Ets binding site. It should 
be recognized that these previously known sequences, which are specified in 
Figure 3B, are not, when present alone in an isolated, discrete form, encompassed 
within the invention. However, an Mcl-1 gene regulatory sequence of the invention, 
which contains at least about twenty nucleotides of the sequence set forth as 
nucleotides 1495 to 1657 of SEQ ID NO: 1, can include one or more of these 
previously identified regulatory elements. As such, additional Mcl-1 gene regulatory 
elements are exemplified by a nucleotide sequence containing nucleotides 1495 
to 1550 of SEQ ID NO: 1 (positions -162 to -107 of Figure 3B); or nucleotides 1495 
to 1564 of SEQ ID NO: 1 (positions -162 to -92); nucleotides 1495 to 1606 of SEQ 
ID NO: 1 (positions -162 to -51); nucleotides 1513 to 1550 of SEQ ID NO: 1 
(positions -135 to -107); or nucleotides 1513 to 1606 of SEQ ID NO: 1 
(positions -135 to -51). 

In another aspect, the Mcl- 1 gene regulatory elements were identified based on 
a detection of basal or TPA inducible expression of a reporter nucleotide sequence 
30 operatively linked to the regulatory element. Such Mcl-1 gene regulatory elements 
are exemplified by a sequence including nucleotides 1495 to 1657 of SEQ ID NO: 1 
(positions -162 to +1 in Figure 3B); or nucleotides 1550 to 1657 of SEQ ID NO: 1 
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(positions -107 to +1); or nucleotides 1606 to 1657 of SEQ ID NO: 1 (positions -51 
to +1). A particularly useful Mcl-1 gene regulatory element is exemplified by 
nucleotides 1495 to 1657 of SEQ ID NO: 1, which correspond to position -162 to +1 
in Figure 3B. As disclosed herein, this sequence confers full basal activity on the 
5 Mcl-1 gene, and is fully inducible by an agent such as TP A (see Example II). 



K ■ 



The present invention also provides a vector that contains an Mcl-1 gene 
regulatory element as disclosed herein. Such a vector can be useful for expressing a 
heterologous nucleic acid molecule that is operatively linked to the Mcl-1 gene 
10 regulatory element. As such, the vector also can contain, for example, a multiple 

cloning site, which can facilitate introduction of a heterologous nucleic acid molecule 
into the vector such that it is operatively linked to the Mcl- 1 gene regulatory element. 
2^ The invention also provides a host cell containing such a vector, such a cell being 

MJ useful for maintaining the vector. 

^ s A vector of the invention can be useful, for example, for expressing a 

£J heterologous nucleic acid molecule in a cell in which an endogenous Mcl-1 gene also 

is expressed. For example, over-expression of an anti-apoptotic full length Mcl-1 
4; gene product can be associated with a pathologic condition such a cancer. A vector of 

20 the invention, which can contain, for example, a heterologous nucleic acid molecule 
encoding a toxic agent such a ricin A chain operatively linked to the Mcl-1 gene 
regulatory element, can be introduced into the cells of the cancer patient, and the ricin 
A chain will be expressed only in those cells that also are expressing Mcl-1. 

25 > Apoptosis is a genetically determined cell death program that is critical for the 
maintenance of tissue homeostasis in the healthy organism. Alterations in apoptosis 
contribute to the pathological effects seen in a variety of disease states, including 
cancer and inflammatory disease (see, for example, Rudin and Thompson, Ann. Rev. 
Med. 48:267-281 (1997)). Apoptosis is controlled by evolutionarily conserved sets of 
30 genes, with the Bcl-2 family playing a pivotal role (Gross et al., Genes Devel. 13:632- 
640 (1999); Korsmeyer, Cancer Res. 59S:1693-1700 (1999). The members of the 
Bcl-2 family fall into two groups, each having opposing functions. Anti-apoptotic 
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family members, including, for example, Bcl-2, Bcl-x L , and Mcl-l, inhibit cell death, 
while pro-apoptotic members, including, for example, Bax, Bid, and Bad, increase 
cell death. 

Mcl-l is a member of the Bcl-2 family that was discovered as a result of a 
differential screen of genes that are rapidly up-regulated as ML-1 human myeloblasts 
leukemia cells initiate differentiation along the monocyte pathway (Kozopas et al., 
Proc. Natl. Acad. Sci.. USA 90:3516-3520 (1993)). Mcl-l is expressed at very low 
levels in immature ML-1 cells, and is up-regulated upon exposure to the 
monocyte/macrophage differentiation-inducing agent 12-O-tetradecanoylphorbol 
acetate (TPA)^/The increase in Mcl-l mRNA occurs rapidly, being detectable within 
about 1 hour and approaching a maximum about 7-fold to 10-fold above basal levels 
at about 3 hours. The increase is transient, and Mcl-l mRNA levels decline to about 
50% of the peak value within 1 day. An increase in the Mcl-l protein parallels the 
increase in the mRNA (Yang et al., J. Cell Biol. 128:1 173-1 184 (1995); Yang et aL, 
J. Cell Physiol. 166:523-536 (1996)), and precedes the progressive accumulation of 
differentiated cells on days 1 to 3. In contrast to Mcl-l, Bcl-2 levels remain constant 
until declining at the terminal stages of differentiation (day 3). Thus, a rapid, 
transient increase in the expression Mcl-l, but not Bcl-2, occurs during the early 
stages of TP A-induced ML-1 cell differentiation. 

The increase in Mcl-l seen in the early stages of TP A-induced ML-1 cell 
differentiation is representative of the high levels of expression seen at early stages of 
myeloid differentiation in a variety of systems, including cell lines as well as 
25 differentiating cells in the intact animal. In ML-1 cells, Mcl-l expression increased in 
response to other inducers of monocyte differentiation, but not an inducer of 
granulocyte differentiation (Yang et al., supra, 1996). Mcl-l expression can also be 
inHuced'iireth^ THP-1, U-937, and 

K-562 cells, and increases in response to the myelomonocytic growth factor, 
30 granulocyte/macrophage-colony stimulating factor (GM-CSF) (Chao et al., Mol. Cell. 
Biol. 18:4883-4898 (1998)). The high levels of expression seen in induced cell lines 
has a counterpart in the bone marrow in vivo, where Mcl-l expression is high in 
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myeloid cells at early stages of differentiation. Overall, Mcl-1 is a readily inducible 
gene in a variety of myeloid systems, prominently expressed at immature stages of 
differentiation. 

Gene transfer experiments have demonstrated that Mcl-1 has viability- 
enhancing effects. For example, when Mcl-1 was transfected into a murine myeloid 
progenitor cell line, FDC-P 1 , its expression prolonged the survival of cells exposed to 
a variety of apoptosis-inducing stimuli. Similar effects were seen in Chinese hamster 
ovary cells. These effects, however, were of short duration; cells expressing the 
transfected Mcl-1 gene product lived about twice as long as controls, but not as long 
as cells transfected with Bcl-2. Short-term viability-enhancing effects, similar to 
those seen in transfected cell lines, also were observed in lymphoid cells from Mcl-1 
transgenic mice (Zhou et al., Blood 92:3226-3239 (1998)). In other experiments, 
Mcl-1 was found to be a rapidly turned over PEST protein (half life less than 3 hr), 
-providin'ganotfier contrast to the more stable Bcl-2 protein. 

Mcl-1 exhibits a differentiation stage-specific pattern of expression in 
lymphoid as well as myeloid cells. For example, in B cells at early stages of 
immortalization with an Epstein Barr virus (EBV) gene product, Mcl-1 expression 
20 increases rapidly and transiently. This increase precedes a stable increase in Bcl-2 
and may mediate short-term protection of viability. Mcl-1 expression also increases 
in response to a variety of B cell growth, differentiation, and activation factors. For 
example, Mcl- 1 expression is selectively increased during IL-6-induced 
differentiation of EB V-immortalized cells, and is subsequently decreased as 
25 differentiated cells undergo apoptosis. Likewise, in peripheral blood lymphocytes 

placed in tissue culture, Mcl-1 (but not Bcl-2) expression correlates with survival, and 
loss of Mcl-1 expression correlates with apoptosis (Lomo et al., Cancer Res. 56:40-43 
(1996)). In lymphoid tissues in the intact animal, Mcl-1 expression is abundant in the 
germinal center, where cells proliferate and undergo affinity maturation, but is low in 
30 the small, resting cells in the mantle zone. Bcl-2 demonstrates the opposite pattern of 
expression, being low in germinal centers and abundant in the mantle zone. Thus, 
Mcl-1 exhibits a highly regulated pattern of expression, different from that of Bcl-2, 
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in a variety of hematopoietic cells. Opposing patterns of expression of Mcl-1 and 
Bcl-2 also occur in non-hematopoietic tissues, as in a variety of epithelial tissues, 
where Bcl-2 is expressed at immature stages of differentiation and Mcl-1 at mature 
stages. 

The increase in Mcl- 1 expression involves an increase in transcription, but 



does not require new protein synthesis (Yang et aL, supra, 1996). The signal for 



increased Mcl-1 expression is transduced through the ERK branch of the MAP kinase 
family (Townsend et aL, Oncogene 17:1223-1234 (1998)). This signaling pathway is 
10 involved both in maintaining basal Mcl-1 expression and in bringing about the 

increased expression seen in response to TPA. Thus, cells treated with a specific, 
non-toxic inhibitor of this pathway, PD 98059, exhibited a decrease from the already 
low baseline Mcl-1 levels, and cells treated with PD 98059 plus TPA exhibited Mcl-1 
levels in the range of those seen in untreated control cells. In addition, Mcl-1 
pj 15 expression is regulated by through an Akt/CREB-mediated pathway (Wang et aL, 

* Mol. Cell. Biol. 19:6195-6206 (1999)). 

S3 

O 

Ll Mcl-1 expression induced by a variety of agents, including TPA, which is a 

2: differentiation-inducing agent, and colchicine and vinblastine, which act to disrupt 

q 20 microtubules. The role of protein kinase C (PKC) in controlling Mcl-1 expression 

was assessed by inhibition or down-regulation of the kinase by calphostin C or 
prolonged treatment with TPA, respectively. PKC activity was required for induction 
of Mcl-1 expression by TPA, colchicine and vinblastine. The role of microtubule 
disruption in the signal transduction pathway also was examined. Pretreatment of 
25 cells with paclitaxel, which stabilizes microtubules, blocked the increase in Mcl-1 

expression produced by colchicine or vinblastine, but not that produced by TPA. The 
phosphorylation state of members of the mitogen-activated protein kinase (MAP 
kinase) family was evaluated to examine their role in controlling Mcl-1 expression. 
Treatment of ML-1 cells with TPA or microtubule-disrupting agents resulted in 
30 increased phosphorylation of the MAP kinase proteins extracellular signal-regulated 
protein kinases 1 and 2 (Erk-1 and Erk-2, respectively). Inhibition of Erk-1 and Erk-2 
activation with PD 98059 prevented the up-regulation of Mcl-1 expression by TPA, 
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colchicine and vinblastine. The effect of inhibition of Erk-1 and Erk-2 activity on the 
transcriptional activation of Mcl-1 was examined. Transient transfection of K-562 
cells with a luciferase reporter vector driven by a 1654 base pair segment of the Mcl-1 
gene 5' flanking region, followed by treatment with TP A resulted in an approximately 
5 8-fold increase in luciferase activity. This activity was decreased by 78% when the 
transfected cells were treated with PD 98059 prior to TPA exposure, indicating that 
activation of Erk-1 and Erk-2 by TPA increases transcription of Mcl-1 . Thus, the 
signals for increased expression of Mcl-1 produced by either differentiation-inducing 
agents or cytotoxic microtubule-disrupting agents initially are different, but converge 
10 to form a common signaling pathway integrated through PKC and phosphorylation of 
Erk-1 and Erk-2. 

Gene transfer experiments showed that low levels of Mcl-1, in the range of the 
baseline level in the cell lines, had marginal if any effect, whereas higher levels, in the 
range of those observed after TPA treatment, promoted cell viability (Zhou et al., 
Blood 89:640-643 (1997)). In other studies, the use of PD 98059 to inhibit Mcl-1 
expression yielded the following results: 1) when the ERK inhibitor was applied 
alone, a further decrease from the already low basal Mcl-1 level occurred but was not 
accompanied by cell death, indicating that this low level does not contribute to the 
maintenance of viability; 2) when the inhibitor was applied in conjunction with TPA, 
Mcl-1 was expressed at a level equivalent to the low basal level in untreated control 
cells (instead of an -10-fold higher level), and cells died by apoptosis rather than 
undergoing differentiation (Townsend et al., supra, 1998). These results suggest that, 
while the baseline levels of Mcl-1 in ML-1 and other immature hematopoietic cell 
lines are below the threshold necessary for producing an effect, the increased levels 
induced in cells exposed to TPA contribute to viability-enhancement. 

The response of subline of BL41 Burkitt's lymphoma cells, which express 
about 15-fold more Mcl-1 than the parental line, to a variety of apoptotic signals was 
30 examined. When placed under low serum conditions, the Mcl-1 -overexpressing cell 
line exhibited moderate protection from cell death, with viability being extended by 
about one day as compared to the parental line. However, when placed under low cell 
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density conditions, the Mcl-1 overexpressing cells exhibited a dramatic enhancement 
of viability. Single cell plating efficiency was increased by greater than 100-fold, 
from about 0.3% to about 38%. In addition, in liquid culture at low density 
(approximately 1 x 10 4 cells/ml), the Mcl-1 -overexpressing cells continued to grow 
and remained viable, while the parental cells stopped growing and progressively lost 
viability. These results demonstrated that Mcl-1 modestly increases cell viability 
under conditions of low serum, and that Mcl-1 dramatically inhibits cell death under 
low density conditions. 

As disclosed herein, a 162 base pair (bp) segment of the human Mcl-1 gene 
5 f -flanking sequence mimicked the above-described pattern of endogenous Mcl-1 
expression, in that its presence was associated with an approximately 10-fold increase 
in reporter gene activity in response to TP A, and this induction was suppressed by an 
inhibitor of ERK activation (see Example I). A region within this 162 bp segment, 
centered on nucleotide -107 (see Figure 1 ; SEQ ID NO: 1), was involved in both basal 
and TPA-induced activity. This region contained sites that bound the transcription 
factors SRF and Elk-1, and also contained an Spl binding site lying between the SRF 
and Elk-1 binding sites (see Figure 3B). Mutation of these sites revealed that the 
coordinate actions of SRF and Ets accounted for about two-thirds of both basal 
activity and induction by TPA, while Spl was involved in basal activity only. 

Loss of about two-thirds of the inducibility by TPA, i.e., a decrease from 
about 10-fold induction to about 3-fold to 4-fold induction, was a common theme that 
occurred upon truncation of the 162 bp segment to nucleotide -107, and upon addition 
of the ERK inhibitor, PD 98059, prior to TPA induction (Example I). As a result of 
this loss of both basal activity and TPA inducibility, the activity of a ASRE/AEts 
mutant plasmid in the presence of TPA was equivalent to wild-type activity in the 
absence of TPA, i.e., it was about 7-fold to 1 1-fold lower than wild-type activity in 
the presence of TPA. This result paralleled the observation that, upon inhibition of 
the ERK pathway, endogenous Mcl-1 levels in the presence of TPA were equivalent 
to those seen in untreated control cells, and were below the threshold necessary for 
anti-apoptotic effects (Townsend et al., supra, 1998). These results indicate that 
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Mcl-1 is regulated through a mechanism similar to that utilized by early response 
genes such as c-Fos ? where signal transduction is through MAP kinase and 
transcriptional activation is through an SRF/Ets complex (Treisman, Curr. Opin. 
Genet. Devel. 4:96-101 (1994); Zinck et al., EMBO J. 12:2377-2387 (1993)). 

5 

The mechanism of SRF/Ets-mediated transcriptional activation has been 
studied extensively for c-Fos. The results of those studies indicated that SRF and Ets 
constitutively associate with the cognate binding sites in DNA, and it was suggested 
that MAP kinase-induced phosphorylation of the Ets component of the bound 
10 SRF/Ets complex increases c-Fos transcription (see, for example, Treisman, supra, 
1994; Zinck et al., supra, 1993; Hill and Treisman, Cell 80:199-21 1 (1995)). Since 
4i both the unphosphorylated and the phosphorylated complex can bind DNA, identical 

^ complexes are frequently seen in EMSAs performed with nuclear extracts from 

*?i unstimulated and stimulated cells. As disclosed herein, similar results were observed 

n] 1 5 for Mcl-1 using nuclear extracts from untreated and TPA-treated cells (Example I). 

The use of nuclear extracts from control and TPA-treated cells resulted in equivalent 
CJ EMSA complexes, as well as the detection of equivalent DNase I hypersensitive sites 

j^L in the Mcl-1 S'-flanking sequence, indicating that the Mcl-1 gene can exist in 

3: "competent" or "pre-activated" state. 

O 

a 20 

As disclosed herein, the Mcl-1 gene regulatory element is involved in 
regulation of gene expression by an ERK-mediated signal transduction pathway and 
SRF/Elk-1 -mediated transcriptional activation, similar to that of early response genes 
such as c-Fos. Early-response genes regulated through MAP kinases and SRF/Ets 

25 proteins are expressed during the induction of cell differentiation and the stimulation 
of cell proliferation. c-Fos expression, for example, increases the probability of 
differentiation in myelomonocytic cell lines and Egr-1 is critical for differentiation 
along the monocyte lineage. Regulation of Mcl-1 through an SRF/Elk-1 -mediated 
mechanism also can serve to link the control of cell viability to critical steps within 

30 the cell differentiation continuum. For example, some early-response genes have 
apoptosis-inducing effects in immature myeloid cells. Thus, up-regulation of Mcl-1 
through mechanisms similar to those utilized by c-Fos, Egr-1 , NUR77, and others can 
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maintain viability of the cells as they proceed along a differentiation pathway. The 
early-response mechanism also can restrict McM expression to specific windows of 
time, for example, the initiation of a step forward in differentiation, thereby 
preventing prolonged exposure of cells to the viability-promoting gene product and 
5 minimizing the possibility of transformation. The results disclosed herein indicate 
that genes involved both in maintaining cell viability and in cell differentiation are 
controlled through overlapping regulatory mechanisms. 

In addition to the disclosed similarity of Mcl-1 regulation and that of early 
response genes such a c-Fos, there also are subtle differences. For example, an 
EMS A complex that formed with an Mcl-1 probe contained SRF and Elk-1 (see 
Example I), but not Sap- la, which is a component of corresponding c-Fos complexes. 
Analogously, the Mcl-1 signal transduction pathway involves the ERK pathway, but 
not the JNK (SAPK) pathway (Townsend et al, supra, 1998). In contrast, c-Fos can 
be regulated through multiple branches of the MAP kinase/SRF/Ets network. For 
example, in the BAC-1 macrophage line stimulated through the monocyte-colony 
stimulating factor receptor (M-CSF-R), c-Fos can be activated by either an SRF/Elk-1 
or an SRF/Sap-1 complex; the former is the target of ERK activation and the latter is 
the target of another member of the MAP kinase family. The result disclosed herein 
elucidate previous reports indicating that c-Fos has an apoptosis-inducing effect in 
some contexts but not others (see, for example, Lord et al., Mol. Cell. Biol. 13:841- 
851 (1993); Hu et al.. J. Immunol. 157:3804-3811 (1994); Jehnand Osborne, Crit 
Rev. JEukaryotic Gene Expr, 7:179-193 (1997)). 

25 Serum responsiveness of Mcl-1 was prominent in some cell lines but not 

others, and was particularly notable in B cell lines. Serum stimulation can be effected 
through a MAP kinase mediated pathway or an alternate pathway involving a 
G protein-coupled serpentine receptor and SRF but not Ets (Hill et al., Cell 81:11 59- 
1 170 (1995)). Different cell lines differ in the extent to which serum acts through 

30 these different paths, and this can relate to the fact that different cell types exhibit 
differences in Mcl-1 responsiveness. 
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In comparison to Mcl-1, down-regulation of Bcl-2 in pre-B cells and immature 
B cells is mediated through Ets-like it sites (Chen and Boxer, Mol. Cell Biol. 
15:3840-3847 (1995), which is incorporated herein by reference), but SRF does not 
appear to be involved. Likewise, the sequence of the upstream regulatory region of 
5 Bcl-x reveals potential Ets sites, but no obvious SRE (Grillot et al., J. Immunol. 

158:4750-4757 (1997)). Conversely, p53 appears to be important in the regulation of 
expression of a variety of Bcl-2 family members, but not of Mcl-1 . Thus, Bcl-2 
family members can be regulated independently, but, at the same time, the regulatory 
networks can be interrelated, as exemplified by the fact that DNA-damaging agents 
10 cause p53-dependent up-regulation of Bax and concomitant down-regulation of Bcl-2. 
Appropriate expression of the Bcl-2 family is critical to the physiologic maintenance 
of cell viability and death, and inappropriate expression can have pathologic 
gj consequences manifested by accelerated death or prolonged viability. The SRF/Ets- 

^ mediated mechanism of Mcl-1 regulation as disclosed herein can serve to target Mcl-1 

e — 

gj 15 expression to specific physiologic events, similarly to the increased Mcl-1 expression 

that occurs in cells taking a step forward in differentiation along the myelomonocytic 
pathway. At the same time, this mechanism for rapid, transient expression can 
, h minimize the potential for pathologic consequences. 

20 Mcl-1 expression is increased by various agents that promote the viability, 

proliferation and differentiation of cells at immature stages of myelomonocytic 
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^fferentiation. As disclosed herein, Mcl-1 up-regulation by one of these agents, 



TP A, involves signal transduction through the ERK pathway and transcriptional 



activation by S RF and Elk-1. As su ch, reg ulation ^^Mcl r lTs^imil^t^tKat"of early 
25 response genes such as c-Fos and Egr- 1 , which influence the commitment of 
immature myelomonocytic cells to maturation, but can also promote cell death. 
Significantly, these results indicate that enhancement of viability can be linked to the 
induction of cell differentiation. 

30 In addition to an Mcl-1 gene regulatory element as disclosed above, the 

present invention provides a nucleic acid molecule comprising the human Mcl-1 gene. 
A nucleotide sequence that includes the human Mcl-1 gene is shown in Figure 1 (SEQ 
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ID NO: 1). Oligonucleotide and polynucleotide portions of the Mcl-1 gene also are 
provided, as are nucleotide sequences complementary to the Mcl-1 gene or portions 
thereof. 



5 The term "nucleic acid molecule" is used broadly herein to mean a sequence of 

deoxyribonucleotides or ribonucleotides that are linked together by a phosphodiester 
bond. As such, the term "nucleic acid molecule" is meant to include DNA and RNA, 
which can be single stranded or double stranded, as well as DNA/RNA hybrids. 
Furthermore, the term "nucleic acid molecule" as used herein includes naturally 
10 occurring nucleic acid molecules, which can be isolated from a cell, for example, the 
Mcl-1 gene as disclosed herein, as well as synthetic molecules, which can be 
prepared, for example, by methods of chemical synthesis or by enzymatic methods 
such as by the polymerase chain reaction (PCR), and, in various embodiments, can 
W contain nucleotide analogs or a backbone bond other than a phosphodiester bond. 

15 

The terms "polynucleotide" and "oligonucleotide" also are used herein to refer 
to nucleic acid molecules. Although no specific distinction from each other or from 
"nucleic acid molecule" is intended by the use of these terms, the term 
"polynucleotide" is used generally in reference to a nucleic acid molecule that 
20 encodes a polypeptide, or a peptide portion thereof, whereas the term 

"oligonucleotide" is used generally in reference to a nucleotide sequence useful as a 
probe, a PCR primer, an antisense molecule, or the like. Thus, a polynucleotide of the 
invention can encode, for example, Mcl-ls/ATM, whereas an oligonucleotide of the 
invention can be used as a probe to detect an intron-exon junction of an Mcl-1 gene. 
25 Of course, it will be recognized that an "oligonucleotide" also can encode a peptide. 
As such, the different terms are used primarily for convenience of discussion. 



Various portions of the disclosed Mcl-1 gene are encompassed within the 
invention. For example, a nucleic acid molecule of the invention can be the coding 
30 region of the Mcl-1 gene, for example, a sequence beginning at nucleotides 1727 to 
1729, which encode the initiator methionine, and ending at nucleotide 3884, which is 
the last nucleotide of exon 3, of SEQ ID NO: 1 (see, also, Figure 1). Additional 
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nucleic acid molecules of the invention are exemplified by the nucleic acid molecule 
beginning at nucleotide 1657, which is the transcription start site of the Mcl-1 gene, 
and ending at nucleotide 3884 of SEQ ID NO: 1 ; the molecule beginning at 
nucleotide 1495, which is 162 nucleotide upstream (5') to the transcription start site, 
5 and ending at nucleotide 3884 of SEQ ID NO: 1; and the nucleic acid molecule 
containing nucleotides 1 to 8253 of SEQ ID NO: 1. 



.e=Si 



As disclosed herein, the human Mcl-1 gene encodes two Mcl-1 polypeptide 
isoforms, which arise due to alternative splicing. The Bcl-2 family of proteins is 
10 characterized by the "Bcl-2 homology" (BH) domains, which share high sequence 

conservation. Bcl-2 and other anti-apoptotic family members contain BH1, BH2, and 
4i BH3 domains, which form a hydrophobic cleft, and alteration in the BH1 domain or 

BH2 domain result in a loss of anti-apoptotic activity. As such, the BH1 and BH2 
domains are critical for anti-apoptotic function. Some of the pro-apoptotic family 
15 members, including Bax, Bak and Bok, also contain BH1, BH2, and BH3 domains. 
However, other pro-apoptotic Bcl-2 family members, including Bid, Bad, Bim, 
contain only the BH3 domain, but not BH1 or BH2. As such, the BH3 domain is a 
minimum requirement for pro-apoptotic function. This requirement of BH3 can be 
due to the binding of the exposed BH3 domain to the hydrophobic cleft of anti- 
20 apoptotic family members. 

In addition to the BH domains, many Bcl-2 family members contain a 
transmembrane (TM) domain at the carboxyl terminus. The TM domain anchors the 
protein to intracellular membranes, such as to the outer surface of mitochondria. 
25 Removal of the TM domain can result in a reduction in anti-apoptotic activity, 

indicating that this domain is involved in targeting these gene products for function. 
However, a TM domain is not present in certain pro-apoptotic members such as Bid 
or Bad. As such, these observations indicate that the BH1/BH2/BH3 hydrophobic 
cleft and the membrane anchor contribute to anti-apoptotic activity, and that the BH3 
30 domain is critical for pro-apoptotic function. 
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Mcl-1 is a member of the Bcl-2 family that is known to inhibit apoptosis and 
is subject to transcriptional as well as post-transcriptional regulation. As disclosed 
herein, RNA transcripts from the human Mcl-1 gene can undergo differential splicing 
to produce an mRNA encoding the anti-apoptotic Mcl-1 gene product, and a second 
5 mRNA encoding a shorter pro-apoptotic Mcl-1 variant, designated Mcl- ls/ATM. The 
full length Mcl-1 derives from three coding exons, as compared to the two coding 
exons present in Bcl-2 and other anti-apoptotic members of this family. The 
Mcl- ls/ATM variant contains an internal deletion that results from joining of the first 
and third exons with skipping of the central exon (see Example II). This alternative 
10 splicing does not affect the BH3 domain, but results in a loss of the BH1, BH2, and 
TM domains due to omission of an exon and a shift in the reading frame (see 
4i Figures 5 A and 5B). The Mcl- ls/ATM variant has structural features similar to pro- 

gjjj apoptotic Bcl-2 family members that contain only the BH3 domain, and, like those 

^ pro-apoptotic members, Mcl-1 s/ATM promoted cell death when expressed in cells 

pj 15 (Example II). As such, the Mcl-1 gene is ideally designed for the generation of either 

11 

an anti-apoptotic Bcl-2-like viability-promoting gene product or, alternatively, a 
C5 pro-apoptotic BH3-only death-inducing gene product. 

u 

2° Other members of the Bcl-2 family also undergo differential splicing. The 

Cj 20 splicing of Bcl-x to Bcl-xs ? for example, involves the use of an alternate splice site 

within the coding sequence (Boise et al., Cell 74:597-608 (1993)). Bcl-w can also 
undergo alternate splicing, in this case to an adjacent gene (Gibson et al., Oncogene 
13:665-675 (1996)). With both Bcl-x and Bcl-2, upspliced transcripts that read 
through into the intron have been reported (Jiang and Wu, Proc. Soc. Expt. Biol. Med. 

25 220:64-72 (1999)). The mechanism involved in the splicing of Mcl-1 differs from 
that in these other anti-apoptotic family members in that it involves exon skipping, 
where the subsequent exon is placed in an altered reading frame (Example II). The 
presence of an intron in Mcl-1 downstream of BH3, along with the conserved intron 
further downstream in BH2, allows for this ability to skip an exon and to eliminate 

30 BH domains critical for anti-apoptotic effects. 
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Except for Mcl-1, as disclosed herein, the anti-apoptotic Bcl-2 family 
members contain two exons (see, for example, Grillot et al., supra, 1997; Gibson et 
aL, supra, (1996); Seto et al., EMBO J. 7:123-131 (1988)). In comparison, multiple 
coding exons, separated by 3 to 5 introns, are present in pro-apoptotic family 
5 members (see, for example, Choi et aL, Mamm. Genome 8:781-782 (1997); Hsu et al., 
J. Biol. Chem. 273:30139-30146 (1998); Jiang et aL, supra, 1999); the terminal intron 
is conserved throughout the Bcl-2 family. The introns in the Bax gene, for example, 
place BH1, BH2, and BH3 on separate exons. A variety of Bax splice variants have 
been identified, including Bax6, in which exon 4 is spliced in frame to exon 2 with 
10 skipping of exon 3, and Baxy, in which exon 3 is spliced to exon 1 (with a change in 
reading frame) with skipping of exon 2 (Oltvai et aL, Cell 74:609-619 (1993); Jiang et 
al, supra, 1999). The activity of these Bax variants has not been completely 
f.l z elucidated. Differential splicing also occurs in other pro-apoptotic family members. 

W For example, in Bok/Mtd, exon 2 can be skipped; and in Bim, alternative splicing can 

1 5 alter the N-terminus of the encoded gene product. While the altered splicing of Bok 
results in retention of a similar function, the different variants of Bim exhibit 
Q differences in pro-apoptotic efficacy. 



C; 



4- One of the introns in the pro-apoptotic Bax lies downstream of BH3 in a 

p 20 position analogous to the additional (first) intron in Mcl-1 (Oltvai et aL, supra, 1993). 

Other pro-apoptotic family members, namely Bid and Bak, also contain an intron 
downstream of BH3 (see, for example, Choi et al. 5 supra, 1997; Wang et al., 
Genomics 53:235-238 (1998)). However, in Bid and Bak, these introns are not at 
positions identical to that of intron 1 in Mcl-1 and the analogous intron in Bax. The 
25 alternate upstream splice site within the Bcl-x first coding exon, which is used in the 
production of Bcl-xs, likewise lies downstream of BH3, although this site again is not 
located at a position identical to that of the intron in Mcl-1 (Boise et aL, supra, 1993). 
Overall, the multiple introns in pro-apoptotic family members provide a variety of 
possibilities in terms of differential splicing. Moreover while differential splicing 
30 through exon skipping, as disclosed herein for Mcl-1, has not been reported for other 
anti-apoptotic family members, it does occur among pro-apoptotic family members. 
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The anti-apoptotic members of the Bcl-2 family may prevent cell death by 
•inhibiting the action of adaptor proteins involved in the initiation of the caspase 
cascade (Moriishi et al., Proc. Natl. Acad. Sci.. USA 17:9683-9688 (1999)). The 
pro-apoptotic Bcl-2 proteins could then bind to anti-apoptotic family members and 
5 neutralize the block on the adaptor proteins, thereby allowing the death cascade to 
develop. The pro-apoptotic activity of several Bcl-2 family members that contain 
only the BH3 domain is regulated in a post-translational manner by protein-protein 
interactions that make these proteins unavailable to initiate the death pathway. For 
example Bad is bound in a phosphorylation-dependant manner to 14-3-3 proteins, 
10 thereby sequestering the proteins in a form unable to associate with Bcl-2 and Bc1-xl 
(Zha et aL, Cell 87:6219-6228 (1996)). Upon dephosphorylation, Bad translocates to 
bind Bcl-2 and BcI-xl, and induces the cell death cascade. 



yj Bim, another Bcl-2 family member that contains only the BH3 domain, is 

M 

jjj 1 5 sequestered in the cytoskeletal associated motor complex bound to LC8, a 

.-a a 

S ^ cytoplasmin dynein light chain protein. Apoptotic stimuli disrupt this interaction and 

the free Bim then can bind to Bcl-2, neutralizing its anti-apoptotic activity and 
promoting cell death. A third BH3-only protein, Bid, is sequestered in the cytosol in 
an inactive form and is cleaved by caspase-8 to yield two distinct fragments. The 
^ 20 larger fragment can relocalize to the mitochondria, where it acts to antagonize 

anti-apoptotic Bcl-2 proteins, thereby promoting cell death. Thus, through distinctly 
different mechanisms, the Bcl-2 family members containing only a BH3 domain are 
sequestered in an inactive form, and, following a pro-apoptotic stimulus, are released 
and act as a death inducers by antagonizing the anti-apoptotic activity of Bcl-2-like 
25 proteins. 



Expression of the two isoforms of Mcl- 1 , which have opposite functions, can 
be coordinately regulated. By analogy with other pro-apoptotic Bcl-2 family 
members that contain only a BH3 domain, the Mcl-ls/ATM variant can be 
30 sequestered in an inactive form in viable cells through a protein-protein interaction. 
As such, the present invention provides a means to identify a protein that interacts 
specifically with an Mcl-1 variant. Assays for identifying protein-protein interactions 
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are well known in the art and include, for example, the two hybrid system of Fields 
and Song (Nature 340:245-246 (1989); see, also, U.S. Patent No. 5,283,173; Fearon et 
al., Proc. Natl. Acad. Sci.. USA 89:7958-7962 (1992); Chien et al., Proc. Natl. Acad. 
Sci. USA 88:9578-9582 (1991), Young, Biol. Reprod, 58:302-311(1998), each of 
5 which is incorporated herein by reference), the reverse two hybrid assay (Leanna and 
Hannink, Nucl. Acids Res. 24:3341-3347 (1996), which is incorporated herein by 
reference), the repressed transactivator system (U.S. Patent No. 5,885,779, which is 
incorporated herein by reference), the phage display system (Lowman, Ann. Rev. 
Biophys. Biomol. Struct. 26:401-424 (1997), which is incorporated herein by 
10 reference), GST/HIS pull down assays, mutant operators (WO 98/01879, which is 
incorporated herein by reference), the protein recruitment system (U.S. Patent 
No. 5,776,689, which is incorporated herein by reference), and the like (see, for 
example, Mathis, Clin. Chem, 41:139-47 (1995), Lam, Anticancer Drug Res. 12:145- 
167(1997); Phizicky et al., Microbiol. Rev. 59:94-123 (1995), each of which is 
gj 1 5 incorporated herein by reference). 

O Since the conserved intron within the BH2 domain near the C-terminus is 

ll common to anti-apoptotic and pro-apoptotic family members, these families may have 

21 arisen from a primordial member that contained a single intron in the coding region 

Q 20 (Herberg et al., Gene 21 1 :87-94 (1998)) and undergone gene duplication 

(Hatakeyama et al., Int. Immunol. 10:631-637 (1998)). The addition of introns 
upstream of the conserved intron would have occurred during the evolution of 
pro-apoptotic family members. The fact that the position of the additional upstream 
introns are not precisely conserved among pro-apoptotic family members suggests 
25 that these additional introns were added after the divergence of the primordial gene 
Herberg et al., supra, 1998). 

The Mcl-1 gene contains a single additional upstream intron along with the 
conserved intron near the C-terminus. It thus differs from other anti-apoptotic family 
30 members, which do not contain such introns, as well as from pro-apoptotic family 

members, which contain multiple upstream introns. As such, Mcl-1 can represent an 
intermediate in the development of the pro-apoptotic and anti-apoptotic family 
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members. This possibility is consistent with evolutionary analysis suggesting that 
Mcl-1 and Al represent a very ancient branch of this family different from the branch 
containing Bcl-2 and Bcl-x and from that containing Bax, and, with the results 
disclosed herein, is relevant in view of previous observations concerning the BH3 
5 domain (Kelekar and Thompson, Trends Cell Biol. 8:324-330 (1998). The core of the 
BH3 domain of Bcl-2, Bcl-x, and Bcl-w contains an alanine residue at position 4, 
while pro-apoptotic family members contain bulkier groups such as isoleucine or 
valine, which can be involved in binding to the hydrophobic cleft of anti-apoptotic 
family members (Sattler et al., Science 275:983-986 (1997). Mcl-1 contains a valine 
10 at this position, typical of the pro-apoptotic family members. In addition, at 

position -3 from the BH3 core, the other three anti-apoptotic family members (above) 
,jj have a charged residue (histidine or lysine), while pro-apoptotic members have 

2: uncharged residues. In this respect, Mcl-1 also is similar to the pro-apoptotic 

yj members in that this residue is a leucine. The presence in Mcl-1 of residues in BH3 

^ 1 5 that are more typical of pro-apoptotic family members is consistent with the present 

4 s disclosure that Mcl-1 can be alternately spliced to a pro-apoptotic form. 

a 

jT*l 

[7 The present invention provides a substantially pure polynucleotide encoding 

4« an Mcl- Is/ATM polypeptide having the amino acid sequence set forth in SEQ ID 

f 1 20 NO: 3 (see, also, Figure 4A, lower sequence); as well as a polynucleotide 

complementary to such an encoding polynucleotide. Also provided are 
polynucleotides encoding peptide portions of Mcl- Is/ATM, particularly peptide 
portions that include at least a portion of amino acids 228 to 271 of SEQ ID NO: 3, 
which is not represented in the full length Mcl-1 polypeptide. A polynucleotide of the 
25 invention is exemplified by a polynucleotide containing nucleotides 1727 to 2414 of 
SEQ ID NO: 1 operatively linked to nucleotides 3768 to 3884 of SEQ ID NO: 1, 
wherein the linked sequence encodes the polypeptide of SEQ ID NO: 3. However, in 
view of the well known degeneracy of the genetic code, numerous other 
polynucleotide sequences that encode SEQ ID NO: 3 or a peptide portion thereof 
30 readily can be made. 
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In general, the nucleotides comprising a polynucleotide or oligonucleotide of 
the invention are naturally occurring deoxyribonucleotides, such as adenine, cytosine, 
guanine or thymine linked to 2'-deoxyribose, or ribonucleotides such as adenine, 
cytosine, guanine or uracil linked to ribose. However, a polynucleotide also can 
5 contain nucleotide analogs, including non-naturally occurring synthetic nucleotides or 
modified naturally occurring nucleotides. Such nucleotide analogs are well known in 
the art and commercially available, as are polynucleotides containing such nucleotide 
analogs (Lin et al., Nucl. Acids Res. 22:5220-5234 (1994); Jellinek et al., 
Biochemistry 34:11363-11372 (1995); Pagratis et al.. Nature Biotechnol. 15:68-73 
10 (1997), each of which is incorporated herein by reference). 

O 

41 The covalent bond linking the nucleotides of a polynucleotide or 



£ 3 



oligonucleotide generally is a phosphodiester bond. However, the covalent bond also 
W can be any of numerous other bonds, including a thiodiester bond, a phosphorothioate 

jLi. 

fn 15 bond, a peptide-like bond or any other bond known to those in the art as useful for 

linking nucleotides to produce synthetic polynucleotides (see, for example, Tarn et al., 

s 

O Nucl. Acids Res. 22:977-986 (1994); Ecker and Crooke, BioTechnology 13:351360 

p s (1995), each of which is incorporated herein by reference). The incorporation of 

j= non-naturally occurring nucleotide analogs or bonds linking the nucleotides or 

q 20 analogs can be particularly useful where the polynucleotide or oligonucleotide is to be 

exposed to an environment that can contain a nucleolytic activity, including, for 
example, a tissue culture medium or upon administration to a living subject, since the 
modified polynucleotides can be less susceptible to degradation. 



25 A polynucleotide or oligonucleotide comprising naturally occurring 

nucleotides and phosphodiester bonds can be chemically synthesized or can be 
produced using recombinant DNA methods, using an appropriate polynucleotide as a 
template. In comparison, a polynucleotide comprising nucleotide analogs or covalent 
bonds other than phosphodiester bonds generally will be chemically synthesized, 

30 although an enzyme such as T7 polymerase can incorporate certain types of 

nucleotide analogs into a polynucleotide and, therefore, can be used to produce such a 
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polynucleotide recombinantly from an appropriate template (Jellinek et al., supra, 
1995). 

The invention also provides a vector, which contains a polynucleotide of the 
5 invention. The vector can be a cloning vector, which is useful for maintaining the 
polynucleotide, or can be an expression vector, which contains, in addition to the 
polynucleotide, regulatory elements useful for expressing the polynucleotide and, 
where the polynucleotide encodes an polypeptide, for expressing the encoded 
polypeptide in a particular cell. An expression vector can contain the expression 
1 0 elements necessary to achieve, for example, sustained transcription of the encoding 
polynucleotide, or the regulatory elements also can be operatively linked to the 
s|j polynucleotide prior to its being cloned into the vector. In one embodiment, the 

21 expression vector contains an Mcl-1 gene regulatory element as disclosed herein. 



PI 



1 5 An expression vector (or the polynucleotide) generally contains or encodes a 

promoter sequence, which can provide constitutive or, if desired, inducible or tissue 
specific or developmental stage specific expression of the encoding polynucleotide, a 
poly-A recognition sequence, and a ribosome recognition site or internal ribosome 
entry site, and can contain other regulatory elements such as an enhancer, which can 

20 be tissue specific. The vector also contains elements required for replication in a 
prokaryotic or eukaryotic host system or both, as desired. Such vectors, which 
include plasmid vectors and viral vectors such as bacteriophage, baculovirus, 
retrovirus, lentivirus, adenovirus, vaccinia virus, semliki forest virus and adeno- 
associated virus vectors, are well known and can be purchased from a commercial 

25 source (Promega, Madison WI; Stratagene, La Jolla CA; GIBCO/BRL, Gaithersburg 
MD) or can be constructed by one skilled in the art (see, for example, Meth. 
Enzymol. . Vol. 185, Goeddel, ed. (Academic Press, Inc., 1990); Jolly, Cane. Gene 
Ther. 1:51-64 (1994); Flotte, J. Bioenerg. Biomemb. 25:37-42 (1993); Kirshenbaum 
et al., J. Clin. Invest. 92:381-387 (1993), each of which is incorporated herein by 

30 reference). 
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Viral expression vectors can be particularly useful for introducing a 
polynucleotide of the invention into a cell, since viral vectors can infect host cells 
with relatively high efficiency and can infect specific cell types. For example, a 
polynucleotide encoding an Mcl-ls/ATM polypeptide can be cloned into a 
5 baculovirus vector, which then can be used to infect an insect host cell, thereby 
providing a means to produce large amounts of the encoded Mcl-ls/ATM 
polypeptide. In addition, the viral vector can be derived from a virus that infects 
vertebrate host cells, particularly mammalian host cells. Viral vectors can be 
particularly useful for introducing a nucleic acid molecule of the invention, for 
10 example, a polynucleotide encoding an Mcl-ls/ATM polypeptide, into a mammalian 
cell, thereby modulating apoptosis in the cell. Viral vectors have been developed for 

CJ 

41 use in mammalian systems and include, for example, retroviral vectors, other 

21 lentivirus vectors such as those based on the human immunodeficiency virus (HIV), 

W adenovirus vectors, adeno-associated virus vectors, herpesvirus vectors, vaccinia virus 

03 15 vectors, and the like (see Miller and Rosman, BioTechniques 7:980-990 (1992); 

"f" Anderson et al., Nature 392:25-30 Suppl. (1998); Verma and Somia, Nature 389:239- 

C3 242 (1997); Wilson, New Engl. J. Med. 334:1 185-1 187 (1996), each of which is 

incorporated herein by reference). 

as 
i = 

o 

£3 20 When retroviruses, for example, are used for gene transfer, replication 

competent retroviruses theoretically can develop due to recombination of retroviral 
vector and viral gene sequences in the packaging cell line utilized to produce the 
retroviral vector. Packaging cell lines in which the production of replication 
competent virus by recombination has been reduced or eliminated can be used to 

25 minimize the likelihood that a replication competent retrovirus will be produced. All 
retroviral vector supernatants used to infect cells are screened for replication 
competent virus by standard assays such as PCR and reverse transcriptase assays. 
Retroviral vectors allow for integration of a heterologous gene into a host cell 
genome, which allows for the gene to be passed to daughter cells following cell 

30 division. 
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A polynucleotide, which can be contained in a vector, can be introduced into a 
cell by any of a variety of methods known in the art (Sambrook et al., "Molecular 
Cloning: A laboratory manual" (Cold Spring Harbor Laboratory Press 1989); 
Ausubel et al., Current Protocols in Molecular Biology . John Wiley and Sons, 
5 Baltimore, MD (1994), each of which is incorporated herein by reference). Such 
methods include, for example, transfection, lipofection, microinjection, 
electroporation and, with viral vectors, infection; and can include the use of 
liposomes, microemulsions or the like, which can facilitate introduction of the 
polynucleotide into the cell and can protect the polynucleotide from degradation prior 
10 to its introduction into the cell. 



4} Introduction of a polynucleotide into a cell by infection with a viral vector is 

2l particularly advantageous in that it can efficiently introduce the nucleic acid molecule 

W into a cell ex vivo or in vivo (see, for example, U.S. Patent No. 5,399,346, which is 

fli 15 incorporated herein by reference). Moreover, viruses are very specialized and can be 

SB 

^ ? selected as vectors based on an ability to infect and propagate in one or a few specific 

£3 cell types. Thus, their natural specificity can be used to target the nucleic acid 

molecule contained in the vector to specific cell types. As such, a vector based on an 
HIV can be used to infect T cells, a vector based on an adenovirus can be used, for 
20 example, to infect respiratory epithelial cells, a vector based on a herpesvirus can be 
used to infect neuronal cells, and the like. Other vectors, such as adeno-associated 
viruses can have greater host cell range and, therefore7can be used to infect various 
cell types, although viral or non- viral vectors also can be modified with specific 
receptors or ligands to alter target specificity through receptor mediated events. 

25 

The present invention also provides oligonucleotides, which can hybridize 
specifically to a splice junction of the disclosed Mcl-1 gene or to a polynucleotide 
encoding an Mcl-1 variant polypeptide as disclosed herein, and oligonucleotides that 
are complementary to such oligonucleotides. In general, an oligonucleotide of the 
30 invention contains at least about ten contiguous nucleotides that are complementary to 
the Mcl-1 gene sequence that is to be targeted for hybridization; can contain at least 
about twelve contiguous nucleotides that are complementary; usually contain at least 
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about fifteen nucleotides that are complementary; and particularly contain at least 
about seventeen nucleotide that are complementary to the targeted Mcl-1 gene 
sequence, such that the oligonucleotide hybridizes specifically to the target sequence. 

5 An oligonucleotide that can hybridize specifically to a splice junction of the 

Mcl-1 gene is exemplified by an oligonucleotide that hybridizes to a portion of SEQ 
ID NO: 1 that includes either nucleotide position 2414, or nucleotide position 2766, or 
nucleotide position 3013 of SEQ ID NO: 1, or nucleotide position 3786. In particular, 
an oligonucleotide of the invention hybridizes to a nucleotide sequence of SEQ ID 

10 NO: 1 that includes at least three nucleotides 5' and contiguous to specified nucleotide 
position, and at least three nucleotides 3' and contiguous to the specified nucleotide 
position. Additional oligonucleotides of the invention can be designed to hybridize 
specifically to a portion of SEQ ID NO: 1 containing the consensus splice donor and 
splice acceptor sequences that flank the splice junction (see Muchmore et aL, Nature 

15 381 :335-341 (1996), which is incorporated herein by reference). As such, the 
oligonucleotide spans an exon-intron junction of the Mcl-1 gene. 

It should be recognized that certain EST sequences that previously have been 
identified are explicitly excluded as being encompassed within the oligonucleotides 

20 (or polynucleotides) of the invention, even though they might otherwise appear to 
meet the requirements of such a sequence of the invention. Thus, the ESTs having 
GenBank Accession No. AA457098, which consists of nucleotides 2023 to 2414 of 
SEQ ID NO: 1 operatively linked to nucleotides 3768 to 3801 of SEQ ID NO: 1; 
GenBank Accession No. AA749362, which consists of nucleotides 2023 to 2414 of 

25 SEQ ID NO: 1 operatively linked to nucleotides 3768 to 3784 of SEQ ID NO: 1 ; 

GenBank Accession No. AA521010, which consists of nucleotides 2024 to 2414 of 
SEQ ID NO: 1 operatively linked to nucleotides 3768 to 3918 of SEQ ID NO: 1; and 
GenBank Accession No. AI435426, which consists of nucleotides 1981 to 2414 of 
SEQ ID NO: 1 operatively linked to nucleotides 3768 to 3833 of SEQ ID NO: 1, are 

30 explicitly excluded from the subject matter considered to be encompassed within 

present invention. Similarly, oligonucleotides consisting of the sequences set forth as 
GenBank Accession No. AI204385, AI202072, AA776756, AI340205, AI439001, 
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AA884201 or AA453505, which are EST sequences of an Mcl-1 gene, are not 
considered oligonucleotides (or polynucleotides)of the invention. 

An oligonucleotide that hybridizes specifically to a polynucleotide encoding 
an Mcl- Is/ATM variant polypeptide is exemplified by an oligonucleotide that 
hybridizes specifically to a nucleotide sequence of SEQ ID NO: 1 that includes 
nucleotides 2412 to 2414 of SEQ ID NO: 1 linked to nucleotides 3768 to 3770 of 
SEQ ID NO: 1 . Such an oligonucleotide is characterized in that it hybridizes to a 
nucleic acid molecule containing the splice junction of exon 1 and exon 3 of the 
Mcl-1 gene. Additional oligonucleotides of the invention include those that can 
hybridize specifically to a sequence of nucleotides 1 to 1657 of SEQ ID NO: 1, which 
includes the 5-flanking sequence of the Mcl-1 gene; or to a sequence of nucleotides 
2415 to 2765 or nucleotides 31 14 to 3767 of SEQ ID NO: 1, which includes the first 
and second introns, respectively; or to a sequence of nucleotides 6704 to 8253 of SEQ 
ID NO: 1, which includes Alu-like sequences (see Figure 5 A). 

The oligonucleotides of the invention are useful as hybridization probes, PCR 
primers, antisense molecules, ribozymes, or triplex agents. For use as hybridization 
probes, the oligonucleotides can be detectably labeled using, for example, a 
radionuclide, a fluorochrome, or a small molecule such as biotin, thus facilitating 
detection of the oligonucleotide. An oligonucleotide of the invention, for example, an 
oligonucleotide to be used as a PCR primer, can also contain an additional nucleotide 
sequence operatively linked thereto, for example, a nucleotide sequence encoding a 
restriction endonuclease recognition site. An oligonucleotide useful as an antisense 
molecule, a ribozyme or a triplexing agent can be designed to target a nucleic acid 
molecule encoding Mcl- Is/ATM and can inhibit translation or cleave the nucleic acid 
molecule, thereby reducing or inhibiting apoptosis in a cell. An antisense molecule, 
for example, can bind to an mRNA to form a double stranded molecule that cannot be 
translated in a cell. Antisense oligonucleotides of about 15 to 25 nucleotides are 
preferred since they are easily synthesized and can hybridize specifically with a target 
sequence. In addition, chemically reactive groups such as iron-linked EDTA can be 
attached to an antisense oligonucleotide, causing cleavage of the RNA at the site of 
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hybridization. An oligonucleotide used as a triplexing agent can stall transcription 
(Maher et al., Antisense Res. Devel. 1:227 (1991); Helene, Anticancer Drug Design 
6:569 (1991)). Triplexing oligonucleotides can be designed to recognize, for 
example, a sequence of an Mcl-1 gene regulatory element, thereby reducing or 
inhibiting the expression of an Mcl-1 isoform in the cell. As such, the 
oligonucleotides of the invention can be useful for inhibiting the expression of an 
Mcl-1 polypeptide in a cell. In addition, the oligonucleotides can be used to reduce or 
inhibit splicing of exon II into a mature mRNA molecule by hybridizing to the splice 
junction and preventing formation of a splicing complex. 

The present invention also provides an Mcl-ls/ATM polypeptide, which has 
an amino acid sequence as set forth in SEQ ID NO: 3. In addition, the invention 
relates to peptide portions of Mcl- 1 s/ATM. A peptide portion of Mcl- 1 s/ATM 
generally contains at least three contiguous amino acids of the sequence set forth as 
amino acids 228 to 271 of SEQ ID NO: 3; usually contains at least about six 
contiguous amino acids of the sequence set forth as amino acids 228 to 271 of SEQ 
ID NO: 3; and particularly contains at least about nine or ten contiguous amino acids 
of the sequence set forth as amino acids 228 to 271 of SEQ ID NO: 3. As disclosed 
herein, amino acids 228 to 271 are unique to Mcl-1 /ATM, and are not found in the full 
length Mcl-1 polypeptide, or in a other proteins pursuant to a database search. The 
peptides of the invention can be useful, for example, for generating antibodies that 
bind specifically to Mcl-ls/ATM, but not to full length Mcl-1, thus providing a 
reagent to identify cells expressing Mcl-ls/ATM. 

If desired, an Mcl-ls/ATM polypeptide can comprise a detectable marker such as 
a FLAG epitope, thus allowing the use of an anti-FLAG antibody to detect the presence 
of the Mcl-ls/ATM polypeptide in the cell (see, for example, Hopp et al., 
BioTechnology 6:1204 (1988); U.S. Patent No. 5,01 1,912, each of which is 
incorporated herein by reference). Other detectable markers such as a c-myc epitope, 
which can be detected using an antibody specific for the epitope; a polyhistidine 
sequence, which can be detected using a divalent cation such as nickel ion, cobalt ion, or 
the like; biotin, which can be detected using streptavidin or avidin; glutathione 
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S-transferase, which can be detected using glutathione; or the like also can be used to 
identify the presence of an Mcl-ls/ATM polypeptide in a cell. Such markers can 
provide the additional advantage that they can be used as a tag to facilitate isolation of 
the Mcl-ls/ATM polypeptide, for example, where it is desired to obtain a substantially 
5 pure Mcl- 1 s/ATM polypeptide preparation. 

Where the Mcl-1 s/ATM is expressed from a polynucleotide, which is introduced 
into a cell, the presence of the polypeptide in the cell can be detected indirectly by 
performing northern blot analysis using an oligonucleotide of the invention as a probe, 
which hybridizes specifically with the encoding polynucleotide, and detecting the 
presence of the an mRNA encoded by the introduced polynucleotide. In particular, 
where the cell also is expressing full length Mcl-1, an oligonucleotide is selected that 
does not substantially cross-hybridize to a nucleic acid molecule encoding the full length 
Mcl-1 . An oligonucleotide of the invention also can be used as a PCR primer, and PCR 
can be performed to detect the presence of the introduced polynucleotide, or of mRNA 
expressed from the polynucleotide. If desired, the polynucleotide encoding 
Mcl-ls/ATM can further comprise a nucleotide sequence encoding a detectable marker 
such as green fluorescent protein, p-galactosidase, luciferase, or the like, thus facilitating 
detection of the expressed Mcl-ls/ATM. Such detectable markers can be particularly 
useful because cells containing the Mcl-ls/ATM then can be detected visually, and 
because such markers can facilitate high throughput analysis of cells, for example, where 
it is desired to use a method such as fluorescence activated cell sorting to separate cells 
containing the Mcl-ls/ATM from those lacking it. 

25 Although an Mcl-1 s/ATM is a relatively large polypeptide and, therefore, would 

not readily traverse a cell membrane, various methods are known for introducing a 
polypeptide into a cell. The selection of a method for introducing an Mcl-1 s/ATM 
polypeptide into a cell will depend, in part, on the characteristics of the target cell, into 
which the polypeptide is to be provided. For example, where the target cells, or a few 

30 cell types including the target cells, express a receptor, which, upon binding a particular 
peptide ligand, is internalized into the cell, the Mcl-ls/ATM polypeptide can include a 
domain corresponding to the peptide ligand. Upon binding to the receptor, the 
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Mcl- Is/ATM is translocated into the cell by receptor-mediated endocytosis. An 
Mcl-1 s/ATM polypeptide also can be contained in a liposome or formulated in a lipid 
complex, which can facilitate entry of the polypeptide into the cell. An Mcl- Is/ATM 
polypeptide also can be introduced into a cell by engineering the polypeptide to contain a 
5 protein transduction domain such as the human immunodeficiency virus TAT protein 
transduction domain, which facilitates translocation of the Mcl-1 s/ATM into the cell (see 
Schwarze et al., Science 285:1569-1572 (1999), which is incorporated herein by 
reference; see, also, Derossi et al., J. Biol. Chem. 271:18188 (1996)). 

The invention also relates to antibodies that can bind specifically with an 
epitope of Mcl- Is/ ATM (SEQ ID NO: 3). Preferably, an antibody of the invention 
does not bind specifically with an epitope of a full length Mcl-1 polypeptide (SEQ ID 
NO: 2). As used herein, the term "antibody" is used in its broadest sense to include 
polyclonal and monoclonal antibodies, as well as antigen binding fragments of such 
antibodies. An antibody of the invention, or an antigen binding fragment thereof, is 
characterized by having specific binding activity for an epitope of Mcl- Is/ ATM, but 
not for an epitope of a full length Mcl-1 polypeptide. 

The term "binds specifically" or "specific binding activity," when used in 
reference to an antibody of the invention and an epitope of an Mcl-1 s/ATM 
20 polypeptide, means that an interaction of the antibody and the epitope has a 

dissociation constant of at least about 1 x 10" 6 , generally at least about 1 x 10" 7 , 
usually at least about 1 x 10~ 8 , and particularly at least about 1 x 10" 9 or 1 x 10" 10 or 
less. As such, Fab, F(ab') 2 , Fd and Fv fragments of an antibody of the invention, 
which retain specific binding activity for an Mcl- Is/ATM epitope, are included within 
25 the definition of an antibody, provided they do not bind specifically with a full length 
Mcl-1 polypeptide. For purposes of the present invention, an antibody that reacts 
specifically with an epitope of an Mcl- Is/ATM polypeptide is considered to not 
substantially react with a full length Mcl-1 polypeptide if the antibody has at least a 
two-fold greater binding affinity, generally at least a five-fold greater binding affinity, 
30 and particularly at least a ten-fold greater binding affinity for Mcl- Is/ATM as 
compared to full length Mcl-1 . 
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The term "antibody" as used herein includes naturally occurring antibodies as 
well as non-naturally occurring antibodies, including, for example, single chain 
antibodies, chimeric, bifunctional and humanized antibodies, as well as antigen- 
binding fragments thereof. Such non-naturally occurring antibodies can be 
5 constructed using solid phase peptide synthesis, can be produced recombinantly or 
can be obtained, for example, by screening combinatorial libraries consisting of 
variable heavy chains and variable light chains (see Huse et al., Science 246:1275- 
1281 (1989), which is incorporated herein by reference). These and other methods of 
making, for example, chimeric, humanized, CDR-grafted, single chain, and 

1 0 bifunctional antibodies are well known to those skilled in the art (Winter and Harris, 
Immunol. Today 14:243-246 (1993); Ward et al., Nature 341:544-546 (1989); Harlow 
and Lane, Antibodies: A laboratory manual (Cold Spring Harbor Laboratory Press, 
1988); Hilyard et al., Protein Engineering: A practical approach (IRL Press 1992); 
Borrabeck, Antibody Engineering , 2d ed. (Oxford University Press 1995); each of 

1 5 which is incorporated herein by reference). 

Antibodies that bind specifically with Mcl- Is/ATM can be raised using the 
Mcl-ls/ATM polypeptide as an immunogen and removing antibodies that crossreact 
with full length Mcl-1, or by using a peptide portion of Mcl-ls/ATM, including at 
least part of the amino acid sequence shown as amino acids 228 to 271 of SEQ ID 

20 NO: 3, since this portion of the Mcl-ls/ATM polypeptide is not represented in the full 
length Mcl-1 polypeptide. A non-immunogenic peptide portion of Mcl-ls/ATM can 
be made immunogenic by coupling the hapten to a carrier molecule such as bovine 
serum albumin (BSA) or keyhole limpet hemocyanin (KLH), or by expressing the 
peptide portion as a fusion protein. Various other carrier molecules and methods for 

25 coupling a hapten to a carrier molecule are well known in the art (see, for example, by 
Harlow and Lane, supra, 1988). 

The antibodies of the invention are useful for identifying the presence of 
Mcl-ls/ATM in a sample, which can be, for example, a cell that is undergoing 
apoptosis and in which it is desired to determine whether such apoptosis is the result 
30 of Mcl-ls/ATM expression, or an extract from a cell in which the Mcl-ls/ATM 

polypeptide was expressed from a recombinant nucleic acid molecule. As such, the 
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antibodies of the invention can be used to purify Mcl- Is/ATM from a sample. For 
example, the antibodies can be bound to a solid matrix such as a chromatography 
matrix, then the sample can be contacted with the antibodies. Following washing of 
the matrix to remove unbound material, the Mcl- Is/ ATM polypeptide, or epitope 
5 containing peptide portion thereof, can be released from the antibodies and obtained 
in a substantially pure form. Methods for attaching antibodies to solid matrices and 
for eluting bound antigens from such antibodies are well known in the art (see, for 
example, Harlow and Lane, supra, 1988). 

The antibodies of the invention can be useful in immunological assays, for 
10 example, to identify a cell expressing Mcl-ls/ATM. Where the cell is suspected of 
being involved in a pathological condition in subject, a tissue sample containing the 
cell can be obtained from a subject, for example, by a biopsy procedure, and can be 
prepared for an immunoassay procedure such as a radioimmunoassay (RIA) or an 
£l enzyme linked immunosorbent assay (ELISA), or can be examined by microscopy 

4' 15 using an immunohistological method. 



If desired, a kit incorporating an antibody of the invention can be prepared. 
Such a kit can contain, in addition to the anti-Mel- Is/ATM antibody, a reaction 
cocktail that provides the proper conditions for performing an immunological assay, 
control samples that contain known amounts of Mcl-ls/ATM polypeptide and, if 
20 desired, a second antibody specific for the anti-Mcl-ls/ATM antibody. Such an assay 
also can include a simple method for detecting the presence or amount of 
Mcl-ls/ATM in a sample. Accordingly, the invention provides such kits, which 
contain an anti-Mcl-ls/ATM antibody. 

Methods for raising polyclonal antibodies, for example, in a rabbit, goat, 
25 mouse or other mammal, are well known in the art. In addition, monoclonal 

antibodies can be obtained using methods that are well known and routine in the art 
(Harlow and Lane, supra, 1988). For example, spleen cells from a mouse immunized 
with Mcl-ls/ATM polypeptide, or an epitopic fragment thereof, can be fused to an 
appropriate myeloma cell line such as SP/02 myeloma cells to produce hybridoma 
30 cells. Cloned hybridoma cell lines can be screened using labeled antigen to identify 
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clones that secrete monoclonal antibodies having the appropriate specificity, and 
hybridomas expressing antibodies having a desirable specificity and affinity can be 
isolated and utilized as a continuous source of the antibodies. The antibodies can be 
further screened for the inability to bind specifically with full length Mcl- 1 
5 polypeptide. Such antibodies are useful, for example, for preparing standardized kits 
as described above. A recombinant phage that expresses, for example, a single chain 
anti-Mcl-ls/ATM antibody also provides an antibody that can used for preparing 
standardized kits. 

A polypeptide of the invention, including an Mcl- Is/ ATM polypeptide and an 
10 anti-Mcl-ls/ATM antibody can be labeled so as to be detectable using methods well 
~j f known in the art (Hermanson, "Bioconjugate Techniques" (Academic Press 1996), 

which is incorporated herein by reference; Harlow and Lane, supra, 1988). For 



example, the polypeptide can be labeled with various detectable moieties including a 
radiolabel, an enzyme such as alkaline phosphatase, biotin, a fluorochrome, and the 



W 

b) 

rt 15 like. Reagents for labeling, for example, an anti-Mcl-ls/ATM antibody can be 
L included in a kit containing the antibody or can be purchased separately from a 

H commercial source. 

r R 

The present invention provides a method of expressing a nucleic acid 

G 

20 molecule in a cell by introducing into the cell an Mcl-1 gene regulatory element of the 
invention, such that a nucleic acid molecule that is operatively linked to the Mcl-1 
gene regulatory element is expressed in the cell. In one embodiment, the Mcl-1 gene 
regulatory element is introduced into the cell alone, or is in a vector, or contains 
flanking sequences that facilitate homologous recombination of the regulatory 

25 element into a particular locus in a genome. In a proportion of the cells into which the 
Mcl-1 gene regulatory element is introduced, the regulatory element can integrate into 
a region of genomic DNA in the cell, such that an endogenous nucleic acid sequence 
to which the Mcl-1 gene regulatory element is operatively linked is expressed. A 
genomic DNA library prepared from such cells provides the additional advantage that 

30 the Mcl-1 gene regulatory element can be used as a n tag" to identify the operatively 
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linked nucleic acid molecule, thus providing a means to isolate the nucleic acid 
molecule. 

Such a method is useful for identifying endogenous nucleic acid molecules 
5 that can be expressed in a cell from the Mcl-1 gene regulatory element. As such, the 
method provides a means to identify a function of the expressed nucleic acid 
molecule, which may not otherwise be expressed in the cell or which may otherwise 
be expressed at a different time in the life cycle or developmental stage of the cell. In 
general, such a method is performed in a cell in culture, since cells that have 
10 incorporated the Mcl-1 gene regulatory element and are expressing a nucleic acid 

molecule operatively linked to the regulatory element can be cloned, thus providing a 
relatively homogenous population of cells to be used or examined. However, where 
the method is performed in a germ cell, a transgenic non-human organism can be 
obtained such that the effect of expression of the nucleic acid molecule from the 
15 Mcl-1 gene regulatory element can be determined in various tissue types and during 
various stages of development of the organism. 

Alternatively, the Mcl-1 gene regulatory element can be operatively linked to 

;|* a heterologous nucleic acid molecule prior to its introduction into a cell, which can be 

U 

Cj 20 ex vivo or in vivo. Following introduction into the cell, the heterologous nucleic acid 

molecule is expressed from the Mcl-1 gene regulatory in the cell. Such a method 
provides a means for the selective expression of the heterologous nucleic acid 
molecule in a cell, which can be, for example, a hematopoeitic cell or a cell involved 
in a pathologic condition. In particular, this method provides a means for expressing 

25 a heterologous nucleic acid molecule in a cell that also is expressing an endogenous 
Mcl-1 gene. As such, the method also is useful as a therapeutic method. For 
example, the heterologous nucleic acid molecule can be an antisense Mcl-1 nucleotide 
sequence, which, when expressed coordinately with an endogenous Mcl- 1 gene, can 
prevent expression of the endogenous Mcl-1 gene product. Depending on whether the 

30 Mcl-1 gene product is a full length Mcl-1 polypeptide or Mcl- Is/ ATM, expression of 
such an heterologous nucleic acid molecule in the cell can have a pro-apoptotic or an 
anti-apoptotic effect, respectively. 



3 

O 
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The present invention also provides a method of identifying an agent that can 
modulate expression of a nucleic acid molecule operatively linked to an Mcl-1 gene 
regulatory element. Such agents can be useful for modulating apoptosis of a cell. 
5 The agent can be, for example, a nucleotide sequence, a peptide, a peptidomimetic, a 
small organic molecule such as a pharmaceutical agent; or any other molecule. A 
method of the invention can be performed, for example, by contacting under suitable 
conditions an Mcl-1 gene regulatory element, at least a first protein that can interact 
specifically with the regulatory element, and an agent to be tested; and detecting a 
10 change in complex formation between the Mcl-1 gene regulatory element and the first 
protein. A change in complex formation, which can be manifest, for example, by the 

C3 

41 formation of a complex, the disruption of a complex, or altered stability of a complex, 

can be detected directly by detecting, for example, a change in the electrophoretic 
W mobility of the complex or of components of the complex, or indirectly by detecting, 

gj 1 5 for example, a change in the expression of a reporter molecule expressed from the 

JLZ 

tS regulatory element. Suitable conditions for performing such a method can be 

CJ provided by performing the method in a reaction mixture in vitro or in a cell. 

sL-s- 

jT"** 

§=^ 

J: As used herein, the term "interacts specifically," when used in reference to a 

r j 20 first molecule such as a protein and second molecule such as a nucleic acid sequence, 

means that the two molecule form a complex that is relatively stable under 
physiologic conditions. As such, the interaction can be characterized by a 
dissociation of at least about 1 x 10~ 6 , generally at least about 1 x 10" 7 , usually at least 
about 1 x 10" 8 , and particularly at least about 1 x 10" 9 or 1 x 10" 10 or less. The 
25 interaction can be a direct interaction, for example, of a transcription factor and an 
Mcl-1 gene regulatory element or of a transcription factor and a protein kinase that 
can phosphorylate the factor, or can be mediated by an agent that induces, for 
example, a specific interaction of a transcription factor with a mutant Mcl-1 gene 
regulatory element. Such a specific interaction is stable under physiological 
30 conditions, including, for example, conditions that occur in a living individual such as 
a human or other vertebrate, or conditions generally used for culturing an organism 
such as a bacterium or yeast or cells of an organism such as mammalian cells or other 
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cells from a vertebrate or invertebrate organism. Various well known methods can be 
used to determine whether a two molecule interact specifically, including, for 
example, equilibrium dialysis, surface plasmon resonance, and the like. 

5 As used herein, the term "modulates apoptosis" means either inducing 

apoptosis of a cell or increasing cell viability. The term "inducing apoptosis" means 
that an apoptotic pathway has been activated such that the cell in which the pathway 
is activated is destined to undergo apoptosis. Such a cell can be identified by 
detecting the expression or activation of cellular proteins that are characteristic of the 

10 apoptotic pathway, or by detecting the characteristic structural changes associated 
with apoptosis, including, for example, membrane blebbing, chromosomal DNA 
degradation, and the like. The term "increasing cell viability" or "inhibiting 
apoptosis" means that a cell remains viable for a longer period of time than would 
have been expected based on the life span of a corresponding population of cells prior 

15 to a treatment such as contact with an agent. 

In one embodiment, at least a first protein and the regulatory element interact 
specifically to form a complex in the absence of the agent. The agent can alter a 
specific interaction of the protein with the regulatory element, for example, by 

20 disrupting a complex comprising the first protein and the regulatory element, or by 
stabilizing the complex. Where the agent disrupts the complex, it can be useful to 
decrease the expression of a nucleic acid molecule operatively linked to an Mcl-1 
gene regulatory element. Where the agent stabilizes the complex, for example, by 
altering or inducing an alteration of a component of the complex such as by effecting 

25 phosphorylation of a component of the complex, the agent can be useful for 

increasing the expression of a nucleic acid molecule operatively linked to an Mcl-1 
gene regulatory element. 

In another embodiment, at least a second protein is included that interacts 
30 specifically with a complex formed between the first protein and the regulatory 

element. Such a method allows the identification of an agent that alters a specific 
interaction of the second protein with the complex, thereby identifying an agent that 
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can modulate expression of a nucleic acid molecule operatively linked to an Mcl-1 
gene regulatory element. The second protein can be, for example, a kinase that can 
phosphorylate the first protein or another component of a complex comprising the 
first protein and the regulatory element, and the agent can inhibit a specific interaction 
5 of the kinase with complex comprising the first protein, thereby identifying an agent 
that can decrease expression of a nucleic acid molecule operatively linked to an Mcl-1 
gene regulatory element. 

In another embodiment, a first protein, which normally would be expected to 
interact specifically with the regulatory element, does not interact specifically with the 
regulatory element due, for example, to a mutation in the regulatory element or in a 
protein that otherwise interacts specifically with the regulatory element. In this 
method, agents are screened to identify an agent that induces a specific interaction of 
the first protein and the regulatory element to form a complex. Such a method can be 
performed, for example, using a mutant Mcl-1 gene regulatory element such as that 
disclosed as SEQ ID NO: 11, which contains mutations in the transcription factor 
binding sites, and can identify an agent that allows a specific interaction of one or 
more proteins with the mutant Mcl-1 gene regulatory element. Such a method can 
identify an agent that can be useful for treating a pathologic condition that is due to 
misexpression of an Mcl-1 polypeptide due to a mutation in an Mcl-1 gene regulatory 
element. 

A method of the invention also can be performed by contacting at least a first 
protein and the regulatory element with a compound that is known to affect 
25 expression of a nucleic acid molecule operatively linked to an Mcl-1 gene regulatory 
element. For example, the compound can be one that inhibits expression of the 
nucleic acid molecule from the regulatory element, and a method of the invention can 
be used to identify an agent that alleviates inhibition of expression of the nucleic acid 
molecule from the regulatory element due to the compound. As disclosed herein, an 
30 ERK inhibitor can prevent expression of a nucleic acid molecule operatively linked to 
an Mcl-1 gene regulatory agent. As such, this system can be used to screen for agents 
that alleviate this effect of the ERK inhibitor. 
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The present invention also relates to a method of identifying an agent that can 
modulate expression of a nucleic acid molecule operatively linked to an Mcl-1 gene 
regulatory element. Such a method can be performed, for example, by contacting 
5 under suitable conditions an agent and an Mcl-1 gene regulatory element, wherein the 
regulatory element is operatively linked to a reporter nucleotide sequence; and 
detecting an effect on expression of the reporter nucleotide sequence due to the agent. 
Expression of the reporter nucleotide sequence can be detected, for example, by 
detecting an RNA transcript of the reporter nucleotide sequence, or by detecting a 
1 0 polypeptide encoded by the reporter nucleotide sequence. A polypeptide reporter can 
be, for example, a P-lactamase, chloramphenicol acetyltransferase, adenosine 
4* deaminase, aminoglycoside phosphotransferase, dihydrofolate reductase, 

g j hygromycin-B phosphotransferase, thymidine kinase, P-galactosidase, luciferase or 

; _ : 

f* xanthine guanine phosphoribosyltransferase polypeptide or the like, and can be 

55 1 5 detected, for example, by detecting radioactivity, luminescence, chemiluminescence, 

J 3 fluorescence, enzymatic activity, or specific binding due to the reporter polypeptide. 

(ag, The disclosed screening methods are readily adaptable to high throughput 

f: analysis and, therefore, can be used to screen combinatorial libraries of agents in 

Q 20 order to identify those agents that can modulate expression of a nucleic acid molecule 

operatively linked to an Mcl-1 gene regulatory element. Methods for preparing a 
combinatorial library of various molecules, which can be useful as agents for modulating 
expression of a nucleic acid molecule operatively linked to an Mcl-1 gene regulatory 
element, either directly or by altering formation of a complex of an Mcl-1 gene 
25 regulatory element and a protein that specifically interacts with it, are well known in the 
art and include, for example, methods of making a phage display library of peptides, 
which can be constrained peptides (see, for example, U.S. Patent No. 5,622,699; U.S. 
Patent No. 5,206,347; Scott and Smith, Science 249:386-390 (1992); Markland et al., 
Gene 109:13-19(1991), each of which is incorporated herein by reference); a peptide 
30 library (U.S. Patent No. 5,264,563, which is incorporated herein by reference); a 
peptidomimetic library (Blondelle et al., supra, 1995); a nucleic acid library 
(O'Connell et aL, supra, 1996; Tuerk and Gold, supra, 1990; Gold et al., supra, 1995, 
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each of which is incorporated herein by reference); an oligosaccharide library (York 
et aL, Carb. Res. . 285:99-128, (1996); Liang et aL 5 Science . 274:1520-1522, (1996); 
Ding et aL, Adv. Expt. Med. Biol. . 376:261-269, (1995),each of which is incorporated 
herein by reference); a lipoprotein library (de Kruif et aL, FEBS Lett. , 399:232-236, 
5 (1996) , which is incorporated herein by reference); a glycoprotein or glycolipid 
library (Karaoglu et aL, J. Cell Biol. . 130:567-577 (1995) , which is incorporated 
herein by reference); or a chemical library containing, for example, drugs or other 
pharmaceutical agents (Gordon et aL, J. Med. Chem. . 37:1385-1401 (1994); Ecker 
and Crooke, Bio/Technology . 13:351-360 (1995) , each of which is incorporated 

10 herein by reference). Nucleic acid molecules can be particularly useful as agents that 
can modulate the expression of a nucleotide sequence from an Mcl-1 gene regulatory 
element, since nucleic acid molecules having binding specificity for cellular targets, 
including cellular polypeptides, exist naturally, and because synthetic molecules 
having such specificity can be readily prepared and identified (see, for example, 

15 U.S. Patent No. 5,750,342, which is incorporated herein by reference). 

The present invention also relates to a method of inhibiting Mcl-1 gene 
expression in a cell by introducing an Mcl-1 gene regulatory element into the cell. 
The introduced regulatory element can compete with an endogenous Mcl-1 gene 

20 regulatory element for one or more cellular proteins that interact specifically with the 
regulatory element and effect transcription of the endogenous Mcl-1 gene. Since, as 
disclosed herein, an Mcl-1 gene alternatively can encode a full length anti-apoptotic 
Mcl-1 polypeptide or a truncated pro-apoptotic Mcl-1 s/ATM polypeptide, such a 
method can be useful for inducing apoptosis or increasing viability of the cell, 

25 respectively. 



Apoptosis also can be modulated in a cell by introducing into the cell an Mcl-1 
gene sequence as disclosed herein. As such, a method of the invention provides a 
means to inhibit apoptosis of the cell by expressing an Mcl-1 polypeptide encoded by 
30 exons 1, 2 and 3 of the Mcl-1 gene sequence in the cell, for example, a neuronal cell. 
In addition, a method of the invention provides a means to induce apoptosis by 
expressing an Mcl-1 s/ATM variant polypeptide encoded by exons 1 and 3 of the 
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Mcl-1 gene sequence in the cell, thereby inducing apoptosis of the cell, for example, a 
tumor cell. In addition, apoptosis can be induced in a cell by expressing the 
Mcl- 1 s/ATM polypeptide in the cell. Such a method can be performed, for example, 
by introducing a polynucleotide encoding the Mcl-1 s/ATM polypeptide into the cell, 
5 and expressing the pro-apoptotic polypeptide. The method also can be performed 
using an oligonucleotide that spans a portion of an intron and a portion of exon 2 into 
the cell. Such an oligonucleotide can hybridize specifically, for example, to an 
endogenous Mcl-1 gene transcript in the cell, particularly to a splice junction involved 
in splicing of exon 2 into the mature mRNA, such that splicing of exon 2 is inhibited 
1 0 and the Mcl-1 s/ATM polypeptide is expressed in the cell. 

The present invention also provides methods of treating a subject having a 
pathologic condition. As used herein, the term "pathologic condition" means a 
condition that is characterized, at least in part, by an increased or a decreased level of 

1 5 apoptosis or an increased level of proliferation of a population of cells involved in the 
pathologic condition. As such, a pathologic condition can be identified by comparing 
a population of cells in a subject suspected of having a pathologic condition with a 
corresponding population of cells in a normal healthy individual (a control 
population) and detecting an increased or decreased level of apoptosis or an increased 

20 level of proliferation of the cells in the subject as compared to the control. Various 
neurodegenerative diseases, for example, are characterized by aberrant neuronal cell 
death due to apoptosis. As such, a method of the invention can be used to treat a 
subject having such a neurodegenerative disease, for example, by decreasing the 
expression of an Mcl-1 s/ATM variant in the neuronal cells, or by increasing the 

25 expression of a full length Mcl-1 polypeptide in the cell. Alternatively, pathologic 
conditions such as cancer are characterized by levels of cell proliferation that are not 
balanced by equivalent levels of apoptosis. As such, a method of the invention can be 
used to treat such conditions, for example, by increasing the expression of 
Mcl- Is/ATM in the cells, thereby inducing apoptosis in the cells, or by affecting 

30 Mcl-1 expression in cells involved in the pathologic condition in the subject. 
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A method of the invention can reduce the severity of a pathologic condition in a 
subject by inducing apoptosis or increasing viability, as appropriate, in cells associated 
with the pathologic condition in the subject. As used herein, the term "reduce the 
severity of a pathologic condition" means that particular signs or symptoms associated 
5 with the pathologic condition qualitatively or quantitatively are lessened. The signs or 
symptoms to be monitored will be characteristic of a particular pathologic condition and 
will be well known to skilled clinician, as will the methods for monitoring the signs and 
conditions. For example, where the pathologic condition is a malignant neoplasia, the 
skilled clinician can monitor the size or growth rate of a tumor using diagnostic imaging 
10 methods, and can determine that the severity of the condition is reduced by detecting a 
decreased growth rate or decreased size of the tumor. In addition, the clinician can 
monitor the level of an enzyme, antigen or other biotogicaLproduct that is prognostic of 
the status of the condition, for example^pfostate spec ific antigen, c pcinoembryonic 
W antigen, or the like, as relevant. The clinician also can identify a reduction in the severity 

gj 15 of the condition simply by the treated subject indicating that he or she feels less nausea, 

or more strength, or just generally feels better. Where the pathologic condition is 
O vascular stenosis, thejjin ician can determine whether the severity of the condition is 

Lj. reduced by performing an angiogram, by measuring blood flow through the involved 

2: blood vessel, by examining the level of fatigue exhibited by the patient following a 

Q 20 particular task, or the like. Where the pathologic condition is an autoimmune disease, 

the clinician can determine the immunoreactivity of the patient's immunocytes in an 
appropriate in vitro immunologic assay, can biopsy the involved tissue and examine the 
histopathologic or immunohistologic status of the tissue, can examine the mobility of 
joint involved in the condition or the pain associated therewith, or the like. 

25 

Various pathologic conditions, including those characterized by an undesirably 
high or an undesirably low level of apoptosis, can be treated using a method of the 
invention. Pathologic conditions characterized, in part, by undesirably low levels of 
apoptosis or high levels of cell proliferation include, for example, malignant neoplasms 
30 such as a carcinoma or fibrosarcoma of the breast, prostate, lung, liver, colon, rectum, 
kidney, stomach, pancreas, ovary, bladder, cervix, uterus, or brain; a glioblastoma; an 
astrocytoma; or other malignant neoplasm, including metastatic lesions; and benign 



Gray Cary\GTV6 16369 1.1 
104663-990000 



54 

neoplasms such as benign prostatic hyperplasia, meningioma, hemangioma and 
angiofibroma. Other such pathologic conditions include, for example, conditions that 
are associated with undesirably high levels of angiogenesis such as occurs in diabetic 
retinopathy, corneal graft neovascularization and neovascular glaucoma; epithelial 
5 conditions such as psoriasis; and autoimmune diseases such as rheumatoid arthritis, 
systemic lupus erythematosis, and the like, which are characterized, in part, by the 
presence in the subject of dysregulated immunocytes, are amenable to treatment using a 
method of the invention, whereby apoptosis is induced in the cells. Pathologic 
conditions characterized, in part, by undesirably high levels of apoptosis include, for 
1 0 example, neurodegenerative diseases, and other diseases such as progeria. 

CJ 

4 ] Where the pathologic condition is characterized by an abnormally low level of 

pj£ apoptosis due to expression of Mcl-1 in the cells involved in the condition, a method 

Ui of the invention can be performed by contacting the cells expressing the Mcl-1 gene 

m 15 product in the subject with an Mcl-1 gene regulatory element. The introduced Mcl-1 

353 

^ a gene regulatory element then can compete with the endogenous Mcl-1 gene for 

m 

C5 transcription factors, thereby reducing or inhibiting expression of the endogenous 

Mcl-1 gene product in the subject and removing the anti-apoptotic effect of the Mcl-1 

4= gene product. 

O 

a 20 

Where the pathologic condition is characterized by an increased proliferation 
of a population of cells or an abnormally low level of apoptosis, a method of 
treatment can be performed by contacting the cells involved the pathologic condition 
with a polynucleotide that encodes the Mcl-ls/ATM polypeptide, or by contacting the 

25 cells with the Mcl-ls/ATM polypeptide, under conditions that facilitate entry of the 
polynucleotide or polypeptide into the cell. Entry of the polynucleotide into the cell, 
for example, can be facilitated by incorporating the polynucleotide into a viral vector 
that can infect the cells. An Mcl-ls/ATM polypeptide can be introduced into a cell, for 
example, by engineering the polypeptide to contain a protein transduction domain such 

30 as the human immunodeficiency virus TAT protein transduction domain, which 

facilitates translocation of the Mcl-ls/ATM into the cell (see Schwarze et al., supra, 
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1999; Derossi et al., supra, 1996). The presence of the Mcl-ls/ATM polypeptide in the 
cells involved in the pathologic condition then can induce apoptosis of the cells. 

A method of treatment also can be performed by contacting the cells involved 
in the pathologic condition in the subject with the Mcl-1 gene as disclosed herein, 
particularly with a coding region of the gene. It is recognized that, upon introduction 
into the cell, either the full length Mcl-1 gene product or the Mcl-ls/ATM variant can 
be expressed in the cell; the particular polypeptide expressed in the cell can be 
identified using the methods as disclosed herein, for example, using an 
anti-Mel- Is/ATM antibody. If the appropriate polypeptide is expressed in the cells, 
for example, the Mcl-ls/ATM polypeptide where it is desired to induce apoptosis in 
the cells, no further action is necessary. If, however, the inappropriate polypeptide is 
expressed, the nucleic acid molecule introduced into the cells can be modified such 
that the appropriate polypeptide is expressed. For example, where it is desired to 
express the Mcl-ls/ATM polypeptide in the cell, the intron-exon splice sites flanking 
exon 2 can be mutated by a method such as site-directed mutagenesis such that the 
splicing only of exon 1 to exon 3 can occur, thereby resulting in expression of the 
Mcl-1 s/ ATM polypeptide. Such a requirement can be made prior to treating a subject 
by removing the appropriate cells from the subject and examining the expression 
pattern of the Mcl-1 gene in vitro. 

A polynucleotide or polypeptide of the invention can be administered to the site 
of the pathologic condition, or by any method that provides the cells associated with the 
pathologic condition with the polynucleotide or polypeptide. For administration to a 
25 living subject, a polypeptide or polynucleotide, which can be in a vector, generally is 
formulated in a pharmaceutical composition suitable for administration to the subject. 
Thus, the invention further provides pharmaceutical compositions, which contain an 
Mcl-ls/ATM polypeptide or a nucleic acid molecule of the invention in a 
pharmaceutically acceptable carrier. As such, the polypeptides and polynucleotides of 
30 the invention are useful as medicaments for treating a subject suffering from a 
pathological condition. 
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Pharmaceutically acceptable carriers are well known in the art and include, for 
example, aqueous solutions such as water or physiologically buffered saline or other 
solvents or vehicles such as glycols, glycerol, oils such as olive oil or injectable 
organic esters. A pharmaceutically acceptable carrier can contain physiologically 
5 acceptable compounds that act, for example, to stabilize or to increase the absorption 
of the conjugate. Such physiologically acceptable compounds include, for example, 
carbohydrates, such as glucose, sucrose or dextrans, antioxidants, such as ascorbic 
acid or glutathione, chelating agents, low molecular weight proteins or other 
stabilizers or excipients. One skilled in the art would know that the choice of a 

10 pharmaceutically acceptable carrier, including a physiologically acceptable 

compound, depends, for example, on the physico-chemical characteristics of the 
therapeutic agent, for example, on whether an Mcl-ls/ATM polypeptide or a 
polynucleotide encoding such a polypeptide is to be administered; and on the route of 
administration of the composition, which can include, for example, orally or 

15 parenterally such as intravenously, and by injection, intubation, or other such method 
known in the art. The pharmaceutical composition also can contain an agent such as a 
diagnostic agent, nutritional substance, toxin, or therapeutic agent, for example, a 
cancer chemotherapeutic agent. 

20 The polypeptide or encoding polynucleotide can be incorporated within an 

encapsulating material such as into an oil-in-water emulsion, a microemulsion, 
micelle, mixed micelle, liposome, microsphere or other polymer matrix (see, for 
example, Gregoriadis, Liposome Technology . Vol. 1 (CRC Press, Boca Raton, FL 
1984); Fraley, et al., Trends Biochem. Sci. . 6:77 (1981), each of which is incorporated 

25 herein by reference). Liposomes, for example, which consist of phospholipids or 

other lipids, are nontoxic, physiologically acceptable and metabolizable carriers that 
are relatively simple to make and administer. "Stealth" liposomes (see, for example, 
U.S. Patent Nos. 5,882,679; 5,395,619; and 5,225,212, each of which is incorporated 
herein by reference) are an example of such encapsulating materials particularly 

30 useful for preparing a pharmaceutical composition of the invention and for practicing 
a method of the invention, and other "masked" liposomes similarly can be used, such 
liposomes extending the time that the therapeutic agent remain in the circulation. 
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Cationic liposomes, for example, also can be modified with specific receptors or 
ligands (Morishita et al. 5 J. Clin. Invest. . 91 :2580-2585 (1993), which is incorporated 
herein by reference). In addition, a nucleic acid molecule can be introduced into a 
cell using, for example, adenovirus-polylysine DNA complexes (see, for example, 
5 Michael et al., J. Biol. Chem. 268:6866-6869 (1993), which is incorporated herein by 
reference). 

The route of administration of a pharmaceutical composition of the invention 
will depend, in part, on the chemical structure of the molecule. Polypeptides and 
1 0 polynucleotides, for example, are not particularly useful when administered orally 
because they can be degraded in the digestive tract. However, methods for 
^Ej chemically modifying polypeptides, for example, to render them less susceptible to 

J. degradation by endogenous proteases or more absorbable through the alimentary tract 

^ are well known (see, for example, Blondelle et al., supra, 1995; Ecker and Crook, 

Ll: 

OJ 15 supra, 1995). In addition, an Mcl-ls/ATM polypeptide can be prepared using 

J* D-amino acids, or can contain one or more domains based on peptidomimetics, which 

CI are organic molecules that mimic the structure of peptide domain; or based on a 

r~ 

s^l peptoid such as a vinylogous peptoid. 

c = 

%=£ 

O 20 A pharmaceutical composition as disclosed herein can be administered to an 

individual by various routes including, for example, orally or parenterally, such as 
intravenously, intramuscularly, subcutaneously, intraorbitally, intracapsularly, 
intraperitoneally, intrarectally, intracisternally or by passive or facilitated absorption 
through the skin using, for example, a skin patch or transdermal iontophoresis, 

25 respectively. Furthermore, the pharmaceutical composition can be administered by 
injection, intubation, orally or topically, the latter of which can be passive, for 
example, by direct application of an ointment, or active, for example, using a nasal 
spray or inhalant, in which case one component of the composition is an appropriate 
propellant. A pharmaceutical composition also can be administered to the site of a 

30 pathologic condition, for example, intravenously or intra-arterially into a blood vessel 
supplying a tumor. 
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The total amount of an Mcl- Is/ATM polypeptide or encoding polynucleotide 
to be administered can be administered to a subject as a single dose, either as a bolus 
or by infusion over a relatively short period of time, or can be administered using a 
fractionated treatment protocol, in which multiple doses are administered over a 
5 prolonged period of time. One skilled in the art would know that the amount of the 
pharmaceutical composition to treat a pathologic condition in a subject depends on 
many factors including the age and general health of the subject as well as the route of 
administration and the number of treatments to be administered. In view of these 
factors, the skilled artisan would adjust the particular dose as necessary. In general, 
1 0 the formulation of a composition of the invention and the routes and frequency of 
administration are determined, initially, using Phase I and Phase II clinical trials. 



&l The pharmaceutical composition can be formulated for oral formulation, such as 

W a tablet, or a solution or suspension form; or can comprise an admixture with an organic 

5} 15 or inorganic carrier or excipient suitable for enteral or parenteral applications, and can be 

as 

compounded, for example, with the usual non-toxic, pharmaceutically acceptable 

s 

C j carriers for tablets, pellets, capsules, suppositories, solutions, emulsions, suspensions, or 

Ll other form suitable for use. The carriers, in addition to those disclosed above, can 

if" 

2: include glucose, lactose, mannose, gum acacia, gelatin, mannitol, starch paste, 

CJ 20 magnesium trisilicate, talc, corn starch, keratin, colloidal silica, potato starch, urea, 

medium chain length triglycerides, dextrans, and other carriers suitable for use in 
manufacturing preparations, in solid, semisolid, or liquid form. In addition auxiliary, 
stabilizing, thickening or coloring agents and perfumes may be used, for example a 
stabilizing dry agent such as triulose (see, for example, U.S. Patent No. 5,3 14,695). 

25 

The present invention further provides a method of identifying a cellular factor 
that can be involved in splicing of an Mcl-1 gene transcript. Such a method can be 
performed, for example, by contacting a cellular extract with an oligonucleotide that 
spans an Mcl-1 gene intron-exon splice junction, and detecting a cellular factor that 
30 binds specifically to the oligonucleotide. Such a method can be useful, for example, 
to identify a cellular factor involved in splicing exon 1 of the Mcl-1 gene transcript to 
exon 3 of the Mcl- 1 gene transcript. 
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In addition, the present invention provides a method of identifying an agent 
that induces expression of the Mcl- Is/ATM polypeptide in a cell. Such a method can 
be performed, for example, by contacting a cell with the agent, and identifying the 
expression of the Mcl-ls/ATM polypeptide or a ribonucleic acid molecule encoding 
the polypeptide in the cell. An agent identified using such a method can be useful for 
inducing apoptosis of a cell. A method of identifying a cell that expresses the 
Mcl-ls/ATM polypeptide by contacting the cell with a reagent that interacts 
specifically with the Mcl-ls/ATM polypeptide or with a ribonucleic acid molecule 
encoding the polypeptide also is provided. Such a reagent can be, for example, an 
antibody that binds specifically to Mcl-ls/ATM, or an oligonucleotide binds 
specifically to a nucleic acid molecule encoding Mcl-ls/ATM. Routine 
immunoassays such as a radioimmunoassay or an ELISA or hybridization methods 
such as northern blot or in situ hybridization or PCR analysis as disclosed herein can 
be used to identify a cell that expresses the Mcl-ls/ATM polypeptide or an encoding 
polynucleotide. 

; 

/The following examples are intended to illustrate but not limit the invention. 

/ 



/ 

/ 



EXAMPLE I 

Mcl-1 GENE REGULATORY ELEMENTS 



This example discloses nucleotide sequences of the Mcl-1 gene that are 
involv ed in re gulation^ of Mcl-1 gen e expression and demonstrates that enhanced 
hematopoeitic cell viability due to Mcl-1 expression is linked to myeloid cell 
differentiation. 



A. EXPERIMENTAL PROCEDURES 

1 . Cell Culture and Induction of Mcl-1 Expression 
Human myeloblastic ML-1 cells were grown in RPMI 1640 medium 
(Biowhittaker) supplemented with 7.5% fetal bovine serum (FBS). These cells were 
maintained by subculturing three times weekly to a density of about 3 x 10 5 cells/ml. 
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Human erythro leukemia K-562 cells were grown in RPMI 1640 media supplemented 
with 10% FBS, 100 units/ml penicillin and 100 |ag/ml streptomycin. These cells were 
maintained by subculturing to a density of about 2 x 10 5 cells/ml. Ramos (EBV 
negative) Burkitt lymphoma cells were grown in RPMI 1640 supplemented with 
5 10% FBS (Biocell). These cells were maintained by subculturing every 2 days to a 
density of 5 x 10 5 cells/ml. 



SortlO cells are a derivative of HL-60 cells that have been transfected with 
and selected for high levels of expression of the receptor for macrophage colony 
10 stimulating factor. HL-60 cells are similar to ML-1 cells in lineage and differentiation 
stage but can be stably transfected in some cases. HL-60 and SortlO cells were 
maintained as previously described (Yen et al., Expt. Cell Res. 229:1 1 1-125 (1996); 
Lowrey et al., Proc. Natl. Acad. Sci.. USA 89:1 143-1 147 (1992), each of which is 
incorporated herein by reference). 

15 

2. Construction of a Reporter Plasmid Deletion Series 

A 1.7 kilobase (kb) Xbal/Xmal human Mcl-1 genomic fragment representing 
nucleotide residues -1656 to +160, where +1 denotes the major transcriptional start 
site, along with a 14 base pair (bp) adapter ligated to its 3' end to place the luciferase 
20 gene in the correct reading frame, was inserted into Nhel and Hindlll digested 
pGL2-Basic luciferase reporter vector (Promega; Madison WI), yielding 
p(-1656)Mcl-lluc. 

A series of S'-deleted plasmids were constructed by double digestion of 
25 p(-1656)Mcl-lluc with Smal, which cuts just upstream of the Mcl-1 insert, and 

restriction enzymes known to cut at unique sites within the Mcl-1 insert. Religation 
resulted in the production of plasmids containing 1308, 847, 703, 577, 290, and 
162 bp of Mcl-1 5 f -flanking sequence (see Figure 2 A). Additional plasmids were 
constructed using PCR, including p(-107)Mcl-lluc, p(-51)Mcl-lluc, and 
30 p(+l l)Mcl-lluc; the PCR products were sequenced to confirm their identity. 
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3. Site-directed mutagenesis 

Specific mutations were introduced into the p(-162)Mcl-lluc plasmid using a 
two stage PCR method of Chen and Boxer (supra, 1995). The Ets site at 
nucleotides -129 to -121 was converted from CCGGAAGC (SEQ ID NO: 4) to 
5 CCTTAAGC (SEQ ID NO: 5; AEts); the Spl site at nucleotides -1 18 to -113 was 
converted from CCGCCC (SEQ ID NO: 6) to CTGACC (SEQ ID NO: 7; ASpl); and 
the SRE at nucleotides -1 06 to -97 was converted from CCTTTTATGG (SEQ ID " 
NO: 8) to CCTTCGGCTG (SEQ ID NO: 9; ASRE); altered nucleotides are indicated 
in bold type. All mutations were verified by sequencing. The PCR products 
10 containing the desired mutations were digested with BstEII and EcoRI, and ligated 
into the p(-162)Mcl-lluc plasmid, which had been digested with the same enzymes. 

'£ " i 

j! 4. Electroporation and Transient Luciferase Expression Assay 

yj A battery of cell lines of myeloid origin was tested for suitability for use in 

jpg 15 transient transfection with the Mcl-1 -luciferase reporter constructs. Upon testing of 

4* ML-1, U-937, THP-1, Namalwa, and K-562 cells, the K-562 demonstrated the most 

q readily detectable basal luciferase activity, and was induced by TPA by about 1 0-fold, 

f s which is similar to the level of induction observed endogenously. In the other cell 

41 lines, basal luciferase activity was lower than in K-562 cells, but could be optimized; 

Ci 

20 however, TPA did not elicit a reproducibly robust response, producing at most a 

2-fold to 3-fold increase in luciferase activity. In control experiments, TPA ellicited a 
response when a pCMVluc plasmid was used as a positive control. 

The reason for the poor TPA responsiveness of Mcl-1 reporter plasmids was 
25 investigated in ML-1 cells, which have been utilized for many previous studies (see, 
for example, Kozopas et al., supra, 1993). The effect of electroporation on the ability 
of TPA to induce endogenous Mcl-1 gene was monitored, as a robust response was 
known to occur. Induction was not inhibited by performing the electroporation 
protocol in the absence of plasmid DNA, but was inhibited upon electroporation in the 
30 presence of plasmid DNA, an effect that was observed even with the insertless 

pGL2-Basic control plasmid. Decreasing the amount of plasmid DNA minimized the 
inhibition of induction, but resulted in a decrease in luciferase activity to below the 

Gray Cary\GT\6163691.1 
104663-990000 



62 



O 



1.J 



level of detection. Thus, while electroporation conditions could be optimized to test 
for basal expression in other myeloid cell lines besides K-562, the other cell lines 
could not practically be used for the identification of elements involved in induction 
by TPA. 

5 

Electroporation was carried out with K-562 cells using the following protocol, 
which was based on preliminary experiments aimed at optimizing luciferase activity. 
Cells were washed twice and resuspended in PBS (5 x 10 6 cells in 0.5 ml) in the 
presence of 10 jug luciferase reporter plasmid, along with the pCMVhGH internal 
10 control plasmid used in most experiments (10 jig). After incubation on ice for 

10 min, cells were electroporated (960 [iF and 280 V; Bio-Rad Gene Pulser; Hercules 
CA), placed on ice for 15 min, then incubated at 37°C (1 x 10 5 cells/ml) in Iscove's 
Modified Dulbecco's medium supplemented with 10% FBS, 100 units/ml penicillin, 
and 1 00 (ag/ml streptomycin. After 1 7 hr, the cell suspension was divided into two 



fa j 
Id 

fvi 1 5 portions, one of which was left untreated and the other of which was exposed to 

^ = 1 .7 x 10' 9 M TPA, which increased Mcl-1 expression in K-562 cells in a manner 

equivalent to that observed with 5 x 10" 10 M TPA in ML-1 cells (Pahl et al., Expt. 



Hematol. 19:1038-1041 (1991), which is incorporated herein by reference). After 
7 hr of exposure to TPA, when induction was at or near a peak level, cells were 
5 20 washed with PBS, then assayed in triplicate for luciferase activity (relative light units; 

Brasier et al., In "Current Protocols in Molecular Biology (Ausubel et al., eds.; John 
Wiley & Sons, NY 1995), which is incorporated herein by reference; see 
pages 9.7.12-9.7.21) using a Microlite ML2250 Microtiter plate luminometer 
(Dynatech Laboratories; Chantilly VA). 

25 

In most experiments, a human growth hormone reporter plasmid, pCMVhGH 
(10 |^g), was used as a control for transfection efficiency. pCMVhGH yielded a linear 
increase in activity upon transfection with 2 to 10 jj,g plasmid, where activity with 
2 ]ug of plasmid was near the limit of sensitivity of the hGH assay, but activity with 
30 5 to 10 jag was sufficiently above background to be accurately quantified. 

Cotransfection with 5 to 10 jag pCMVhGH did not decrease the basal activity of 
luciferase reporter plasmids, and caused only a minor reduction in the induction of 
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luciferase activity by TPA (for example, from about 13.5-fold to about 10.5-fold in 
one experiment examining p(- 1 62)Mcl- 1 luc and p(-1663)Mcl-lluc in the absence 
versus the presence of pCMVhGH). 



5 The experimental design, wherein an aliquot of cells electroporated with a test 

plasmid is divided into two portions, one of which was exposed to TPA and the other 
of which was not, was selected because CMV-based plasmids are subject to induction 
by TPA. With this design, cells exposed to TPA and cells not exposed to TPA are 
derived from the same initial aliquot of electroporated cells and, therefore, do not 
1 0 differ substantially in transfection efficiency. Luciferase activity in both portions of 
cells was normalized to hGH production (assayed in triplicate in the portion of the 
sample not exposed to TPA). However, analysis with or without normalization for 
transfection efficiency did not affect the interpretation of the results. 



15 5. Electrophoretic Mobility Shift Assays 

EMS As were performed using sense strands of a WT Mcl-1 oligonucleotide, 
representing nucleotides -135 to -92 of the Mcl-1 gene, which contains the potential 
binding sites for SRF, Ets, and Spl, or a mutant AMcl-1 oligonucleotide, which 
contains mutations in all three of these binding sites (bold and underlined below), 
p 20 Oligonucleotides, which were prepared by Gibco BRL, except for the Spl 

oligonucleotide, which was from Santa Cruz Biotechnology, Inc., were as follows: 

WT Mcl-1: CAACCCTCCGGAAGCTGCCGCCCCTTTCCCCTTTTATG- 
GGAATA (SEQ ID NO: 10); 
25 AMcl- 1 : CAACCCTCCTTAAGCTGCTGACCCTTTCCCCTTCGQCTGGAATA 
(SEQ ID NO: 11; underlining indicates mutations; compare SEQ ID NO: 10); 
Spl: ATTCGATCGGGGCGGGGCGAGC (SEQ ID NO: 12); and 
c-FosSRE: CTTACACAGGATGTCCATATTAGGACATCT (SEQ ID NO: 13). 



30 Nuclear extracts were prepared (Dignam et aL, NucL Acids Res. 1 1 ; 1475-1 489 

(1983)), and protein content was determined using the BioRad Protein Assay kit with 
bovine serum albumin as a standard. EMSAs were performed as described previously 
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(Latinkic and Lau, J. Biol, Cfrem, 269:23163-23170 (1994)); Wang et al., Cell 
87:697-708 (1996)). In assays where unlabeled oligonucleotides (10-fold or 100-fold 
molar excess) or antibodies directed against SRF, Elk-1, SAP- la, or Spl (Santa Cruz 
Biotechnology, Inc.; Santa Cruz CA) were used, these reagents were added to the 
5 binding reaction prior to the addition of nuclear extract. The antibodies used in most 
experiments were selected based on their ability not to interfere with the factor 
binding to DNA, except in one experiment an anti-Spl antibody that interferes with 
DNA binding was used for that purpose (antibody 1C6; Santa Cruz Biotechnology). 
Antibody 1C6 recognizes an epitope corresponding to amino acid residues 520 to 538 
10 of Spl ; the DNA binding domain of Spl corresponds to residues 537 to 619. 

S 6. Serum or Growth Factor Receptor Stimulation of Cells 

21 Sort 10 cells or HL-60 cells were incubated for 24 hr in either standard 

L s j medium containing 10% FBS or in medium containing 0.3% FBS, then examined for 

15 Mcl-1 and Bcl-2, expression by western blot analysis. In other experiments, ML- 1 

^° cells were pre-incubated in medium containing 0.3% FBS for 1 day, then exposed to 

C3 20% FBS for various times. Samples were collected at 0, 0.5, 1, 2, 4, 8 and 24 hr and 
examined for Mcl- 1 and Bcl-2 expression by western blot analysis. 



20 Western blot analysis was performed as described by Yang et al. {supra, 

1995), except that a monoclonal antibody was used. The monoclonal antibody was 
raised against a bacterially produced, N-terminally His-tagged Mcl-1 protein. 
Quantitation by densitometric scanning was carried out as described by Townsend 
et al. {supra, 1998). 

25 

8. Statistical Analysis 

The results from assays of the luciferase activity of plasmids containing 
mutations in the SRE, Ets, and Spl sites were analyzed using analysis of variance 
with post-hoc Sheffe testing (Systat 5 for the Macintosh). Results were converted to 
30 natural logarithmic values for this analysis. Two way analysis of variance (plasmid x 
drug) was used to analyze the relative luciferase activity. One way analysis of 
variance was used to compare the fold-increase with TPA among plasmids. 
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B. RESULTS 
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1. A 162 base pair Mcl-1 gene 5'-flanking sequence mediates transcriptional 
induction by TP A and its suppression by an inhibitor of the ERK pathway 
p(-1656)Mcl-lluc, which contains a luciferase reporter plasmid under the 
control of a genomic fragment containing 1656 bp of human Mcl-1 S'-flanking DNA 
(Figure 2 A; see, also, SEQ ID NO: 1), was introduced into K-562 cells. Luciferase 
activity was detectable in the absence of TP A and was increased about 10-fold in the 
presence of TP A (Figure 2B). These results demonstrate that elements within 
p(-1656)Mcl-lluc directed both basal Mcl-1 transcription and induction by TP A. 

To determine whether a shorter segment of the Mcl-1 S'-flanking sequence 
could direct transcription, transfections were carried out with a series of plasmids 
representing progressive 5 1 deletions of p(-1656)Mcl-lluc. A plasmid containing 
162 bp of the Mcl-1 S'-flank, p(-162)Mcl-lluc, had activity equivalent to that of the 
full length plasmid, and some intermediately truncated plasmids exhibited slightly, 
but not significantly, higher activity. The activity of all the plasmid constructs was 
increased about 9-fold to 1 1-fold in the presence of TPA, mimicking the increase 
observed in hematopoietic cell lines that endogenously express Mcl-1. 

p(-162)Mcl-lluc and p(-1656)Mcl-lluc were also transfected into ML-1 and 
U-937 cells, which are myeloid cell lines in which basal activity, but not induction by 
TPA, could be measured reliably. The basal activity of p(-162)Mcl-lluc was in the 
range of that seen for p(-1656)Mcl-lluc, with the ratio of the activity of the former 
plasmid to the latter being 1.0 ± 0.2 (S.E.; n=3) in ML-1 and 1 .3 in U-937 cells. 
Overall, K-562 cells transiently transfected with a reporter plasmid containing 162 bp 
of the Mcl-1 S'-flanking sequence constituted a workable system for identifying 
elements involved in maintaining basal levels Mcl-1 transcription and in bringing 
about the 1 0-fold increase in transcription that occurs in response to TPA. 



An inhibitor of ERK activation, J>D 9805 9,(Alessi et al., J. Biol. Chem. 
270:27489-27494 (1995)), also was applied to the above K-562 cell transfection 
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system, to determine whether the effect would be similar to that observed in the case 
of endogenously expressed Mcl-1. This inhibitor substantially, but not completely, 
inhibited the TPA-induced increase in luciferase activity (Figure 2C). This result was 
similar to a previous study showing that PD 98059 substantially, but not completely, 
5 inhibited TPA-induced endogenous Mcl-1 expression (Townsend et al., supra, 1998). 
The ERK inhibitor also caused a decline in basal activity in transfected cells, an effect 
that also had been noted with respect to endogenous Mcl-1 expression. Overall, 
transfected cells exposed to PD 98059 exhibited about one-third the level of induction 
by TPA as seen in cells not exposed to the inhibitor (2.7-fold to 3.7-fold induction 
10 over the reduced basal activity in the presence of the inhibitor as compared to 7.6-fold 
^ to 1 1 .8-fold induction in its absence). These results demonstrate that transfection with 

43 p(- 1 65 6)Mcl- 1 luc or p(- 1 62)Mcl- 1 luc paralleled endogenous expression with respect 

to TPA-inducibility and to the substantial suppression of this inducibility by an 
W inhibitor of ERK activation. 

^ 2. Truncation of the Mcl-1 S'-flank to nucleotide -107 decreased 

s 

Cj transcriptional activity in the absence and in the presence of TPA 

ILi. 

h h 

2= Further truncated plasmids were examined to more clearly delineate the 

'i i 

O 20 critical regulatory sequence within the 162 bp Mcl-1 S'-flanking sequence. 

Truncation to nucleotide -107 resulted in a substantial, but not a complete, loss of 
activity in either the absence or presence of TPA (Figure 3 A), similar to the effect that 
PD 98059 had on wild-type activity. When compared in the absence of TPA, the 
activity of p(-107)Mcl-lluc was approximately 20% of that seen with 

25 p(-162)Mcl-lluc; and when compared in the presence of TPA, the activity of 
p(-107)Mcl-lluc was less than 10% of that seen with p(-162)Mcl-lluc. Further 
truncation to nucleotide -5 1 resulted in a further loss of activity, to about 5% of the 
basal activity of p(-162)Mcl-lluc, and there was a complete loss of activity when of 
all Mcl-1 5 '-flanking sequence was deleted. Thus, the -162 to -107 region was 

30 important for both basal transcription and the elevated transcription seen in the 
presence of TPA, but was not the only region contributing to this activity. 
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10 

a 



With p(-107)Mcl-lluc and, similarly, with p(-51)Mcl-lluc 5 the activity in the 
presence of TP A represented an approximately 3.5-fold increase over the 
corresponding reduced basal value, in contrast to the 10-fold to 12-fold induction 
observed with longer 5'-flanking sequence, and represented a fold-increase of only 
about one-third of the maximum value. Thus, truncation to nucleotide -107 resulted 
in reduced basal activity and reduced induction in the presence of TPA, and the net 
result was that the activity of the truncated p(-107)Mcl-lluc plasmid in the presence 
of TPA was in the range of that of the p(-162)McMluc plasmid in the absence of 
TPA. 



In the -162 to -107 bp region, the human Mcl-1 5-flank contains potential Ets 
and Spl binding sites, and contains a potential SRE lying immediately downstream 
J* (Figure 3B; SEQ ID NO: 1, nucleotides 1495 to 1550). The presence of Ets and SRF 

hi sites provided a parallel to the dyad symmetry region in c-FOS, and suggested that 

15 Mcl-1 might be regulated through an SRF/Ets mediated mechanism similar that 
4* utilized by early response genes. TPA-induced c-FOS transcription is activated by 

s 

r j MAP kinase, which phosphorylates the Ets component of an SRF/Ets complex (see, 

f7 for example, Treisman, supra, 1994). Such a mechanism would be compatible with 

4« the previous described involvement of ERK in the Mcl-1 signal transduction pathway, 

O 

r% 20 and would be compatible with the reduced induction observed for p(-107)Mcl-lluc, 

which retains the potential SRE site, but not the upstream Ets site. 

Present and previous data were further considered in the light of the 
hypothesis that a MAP kinase/SRF/Ets mediated mechanism might play a role in the 

25 regulation of Mcl-1, in order to determine whether assessing these sites took priority 
over testing other potential downstream areas. A mechanism involving signal 
transduction through ERKs and transcriptional activation by SRF/Ets could account 
both for the changes observed in transfected cells upon truncation to nucleotide -107 
(Figure 3 A) or upon exposure of longer plasmids to PD 98059 (Figure 2C), as well as 

30 the changes seen in endogenously expressing cells upon inhibition of ERK activation 
(Townsend et al., supra, 1998). 
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The changes observed in cells transfected with p(-107)Mcl-lluc and those 
observed in cells endogenously expressing Mcl-1 and exposed to an inhibitor of the 
ERK pathway exhibited striking similarities. For example, both basal and TPA- 
induced expression were decreased upon truncation to nucleotide -107 in transfection 
5 experiments (Figure 3 A), just as both were comparably decreased upon inhibition of 
the ERK pathway in endogenously expressing cells. In neither case was expression 
completely eliminated, TPA causing a reduced level of induction over a reduced basal 
value upon truncation to nucleotide -107 (Figure 3 A) or upon ERK inhibition, with 
the reduced induction in both cases being about 3. 5 -fold. As a result, just as the 
1 0 activity of p(- 1 07)Mcl- 1 luc in the presence of TPA was equivalent to that of 

p(-162)Mcl-lluc in its absence, endogenous Mcl-1 expression in cells exposed to 
■yp PD 98059 plus TPA was in the range of the basal level present in untreated control 

X cells. The parallels between these two systems are indicative of a common underlying 

yj 

yj pathway and, therefore, the potential SRE and Ets sites, and the Spl site between 

15 them, in the -107 region of the Mcl-1 S'-flanking sequence were examined. 



3 . SRF/Ets and Spl contribute to basal Mcl-1 gene activity, and the 
coordinate actions of SRF and Ets are required for maximal induction of 
4= Mcl-1 by TPA 

20 To assess the functionality of the SRE, Ets, and Spl sites, inactivating 

mutations were introduced into these sites in the context of p(-162)Mcl-lluc (see SEQ 
ID NOS: 4 to 9). Alteration of the SRE, with or without alteration of the Ets site, 
reduced but did not eliminate basal activity and reduced but did not eliminate 
induction by TPA (Figure 3C). Reduced activity was seen with the ASRE (see SEQ 
25 ID NO: 9) and AEts (see SEQ ID NO: 5) single mutant plasmids as well as with the 
ASRE/AEts (see SEQ ID NOS: 9 and 5, respectively) double mutant. These results 
indicate that the coordinate actions of SRF and Ets were required for maximal 
activity, as is the case for TPA-induced activation of c-FOS (Treisman, supra, 1994). 
Alteration of the Spl site (see SEQ ID NO: 7) also reduced but did not eliminate basal 
30 activity; however, it did not substantially decrease the 9-fold induction observed for 
TPA in this experiment. These results demonstrate that the SRE and Ets sites were 
necessary for, and acted coordinately, to produce maximal basal activity and maximal 
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induction by TPA; and that the Spl site was necessary for maximal basal activity, but 
not for induction by TPA. 

The activity of the ASRE/AEts double mutant plasmid in the presence of TPA 
5 was in the range of that of the wild-type p(-162)Mcl-lluc plasmid in the absence of 
TPA. This result was similar to the observations for p(-107)Mcl-lluc, although the 
wild-type plasmid exhibited slightly lower induction by TPA in the present 
experiments than it had previously (compare Figure 3A and Figure 3C). Additional 
experiments with the ASRE/AEts plasmid showed that, on average, basal activity was 
10 decreased by about two-thirds (Table 1, row IIA) and the fold-induction by TPA 
above this reduced basal value was decreased by nearly an equivalent proportion, 
Jjp from a value of about 1 1 -fold to about 4-fold (Table 1 , row IIB and C). 

y j These observations paralleled the experiments involving truncation to 

p = 

g] 15 nucleotide -1 07, where the level of induction by TPA was also reduced by 

HM approximately two-thirds (Table 1 rows IIIB and IIIC, and Figure 3A). Here, basal 

£J expression was reduced by slightly more than two-thirds (Table 1, row IIIA), which 

could relate to the fact that the Spl site is not present in the truncated plasmid. These 
findings also paralleled the experiments with wild-type plasmids in the presence of 
20 PD 98059, where there was a two-thirds reduction in fold-induction by TPA (Table 1, 
rows IVC and IVD). Here, basal activity was not reduced to as great an extent as in 
the other experiments (Table 1, compare row IVA to rows IIA and IIIA). This result 
can be due to the fact that PD 98059 was added 1.5 hr before the addition of TPA 
(15.5 hr after electroporation; Figure 2C), in an experimental design focused on the 
25 effect of PD 98059 on induction by TPA above a pre-existing basal level; this design 
paralleled exactly the design used in previous experiments on endogenous Mcl-1, 
where a basal level of expression was present before TPA addition (Townsend et al., 
supra, 1998). Thus, in the transient transfections, the decline in basal activity seen in 
the presence of PD 98059 represented that occurring from 15.5 to 24 hr (Table 1, 
30 row IVA, and Figure 2C), while the decline with the p(-107)Mcl-l luc or ASRE/AEts 
plasmids reflected the entire 24 hr plasmid expression period (Table 1 , rows IIA 
and IIIA; and Figures 3A and 3C). 
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Additionally, basal activity in the presence of PD 98059 in transiently 
transfected cells (Table 1 , row IV A; and Figure 2C) was not reduced as much as in 
endogenously expressing cells, where basal expression decreased to about 25% of the 
value in the absence of PD 98059 over the 8.5 hr assay period, although in both 
5 systems induction by TPA was reduced to about 3.5-fold. The fact that PD 98059 did 
not have as marked an effect on basal expression in transient transfections likely 
reflects a loss of luciferase, in contrast to the decline in endogenously expressing cells 
which reflects loss of the Mcl-1 protein. This latter difference notwithstanding, a 
common theme was noted in experiments involving truncation to nucleotide -107, 
10 alteration of the SRE and Ets sites, or application of PD 98059 to cells transfected 
with wild-type plasmids or even cells endogenously expressing Mcl-1; these 
experiments all demonstrated a loss of about two-thirds of the TPA-inducibility, to 
about 3-fold to 4-fold induction above a reduced level of basal activity. 



^ 15 4. SRF. Elk-1. and Spl bind to the cognate sites in the -107 region of the 

4= Mcl-1 gene 

p EMS As were carried out with a probe corresponding to nucleotides -135 

J"" to -92 of the Mcl-1 5'-flanking sequence, which contains the Ets, SRF, and Spl sites 

4= in the -107 region of the Mcl-1 5 f -flanking sequence to examine the binding of 

pi 

f l t 20 specific nuclear proteins (see Figure 3B; delineated by asterisks). Four major 

complexes formed and proteins present in two of these could be identified 
definitively. Complexes I and II represented specific binding, as their formation was 
inhibited by excess unlabeled competitor probe, but not by a competitor in which the 
three sites had been altered. Complex I, but not Complex II, also was inhibited by a 

25 competitor representing the c-Fos SRE and Ets site, whereas Complex II, but not 

Complex I, was inhibited by a competitor representing a consensus Spl binding site. 
These results indicate that Complex I contained SRF and/or an Ets protein, while 
Complex II contained Spl . The formation of these complexes was not substantially 
altered when TPA-treated versus untreated cells were used, similar to results observed 

30 by other genes regulated by SRF and Ets (see, for example Zinck et al., supra, 1993; 
DeFranco et al., Mol. Endocrinol. 7:365-379 (1993)). This result likely is due to the 
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prebound SRF/Ets complex being activated upon stimulation (see Zinck et al., supra, 
1993; see, also, below). 



The presence of SRF/Ets and Spl in Complexes I and II, respectively, was 
5 confirmed using antibodies specific for these factors. Antibodies recognizing either 
SRF or the Elk-1 member of the Ets family caused Complex I to supershift, while an 
antibody recognizing Sap- la had no effect. Similarly, an antibody recognizing Spl 
caused Complex II to supershift; the supershifted complex migrated at the same 
position as Complex I, as demonstrated using an antibody that binds Spl and 
10 interferes with the binding of Spl to its cognate site in DNA. The latter antibody 
decreased the formation of Complex II. This result confirmed that Spl is a 
component of Complex II. 



Complex IV appeared to be a non-specific band, as it could be partially 
1 5 inhibited by high concentrations of various oligonucleotides, including a wild-type 
Mcl-1 oligonucleotide (SEQ ID NO: 10) and a mutant Mcl-1 (SEQ ID NO: 1 1) and a 

is 

Q 100-fold excess of the Spl competitor (SEQ ID NO: 12). Complex III appeared to 

^ contain Spl, as inhibition was seen with the Spl competitor but not the c-Fos SRE 

4= (SEQ ID NO: 13). Accordingly, Complex III was inhibited by the anti-Spl antibody 

O 

£3 20 that interfered with DNA binding, although it was not supershifted by the other anti- 

Spl antibody. Others have reported similar observations with a breakdown product of 
Spl that migrated more rapidly than Spl and was sensitive to Spl binding site 
competitors but could not be supershifted (see Zhang et al., J. Biol. Chem. 369:1 1425- 
1 1434 (1994)). These results indicate that SRF and Elk-1, as well as Spl and possibly 
25 related species, bound specifically to the same sites that were determined, by 
mutagenesis experiments, to be involved in regulating Mcl- 1 transcription. 



5. Mcl-1 expression is increased through serum and growth factor receptor 
stimulated pathways 

30 Mcl-1 gene expression is increased by a variety of agents that induce 

hematopoietic cell differentiation, as exemplified in cells differentiating along the 
myelomonocytic lineage (Yang et al., supra, 1995). For example, increased Mcl-1 
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expression occurs upon stimulation of the GM-CSF receptor (GM-CSF-R), which 
promotes the growth and differentiation of immature myelomonocytic cells (Chao et 
al., supra, 1998). The macrophage colony-stimulating factor receptor (M-CSF-R) 
promotes the growth and differentiation of cells at a more mature stage of 
5 differentiation, i.e., those cells committed to the monocyte lineage. The M-CSF-R 
activates MAP kinase and SRF/Ets resulting in increased c-Fos expression (Hipskind 
et aL, Genes Devel. 8:1803-1816 (1994)). In view of the above results, and the 
association of Mcl-1 expression with the stimulation of myelomonocytic growth and 
differentiation, the effect of the M-CSF-R on Mcl-1 regulation was examined using 
10 Sort 10 cells, which are transfected with and express high levels of M-CSF-R. 

Sort 10 cells exhibit enhanced differentiation responsiveness that appears to be 
mediated through a mechanism similar to that described for previous factor- 
independent M-CSF-R-transfectants, in which a high density of the transfected 

Li 

1 5 receptor triggers downstream events and produces effects in the absence of ligand 

4= (Kato et al., Mol. Cell. Biol. 9:4069-4073 (1989)). SortlO cells, rather than cells that 

O endogenously express the M-CSF-R, were used because a similar system using the 

f~ GM-CSF-R (Chao et aL, supra, 1998)) demonstrated that increased Mcl-1 expression 
occurred in response to stimulation through the GM-CSF-R, and not Bcl-2, as 

20 previously believed. 



; c : 



Expression of Mcl-1 was increased in SortlO cells, while expression of Bcl-2 
was unchanged. Expression was examined under standard conditions (10% FBS) or 
reduced serum (0.3% FBS) conditions; Mcl-1 levels were lowest in non-transfected 

25 cells in 0.3% FBS, were higher in the presence of either the transfected M-CSF-R or 
10% FBS, and were even higher in the presence of the receptor plus 10% FBS. In 
four independent experiments carried out in 10% FBS, SortlO cells exhibited Mcl-1 
expression that was about 3.9-fold (+/- 0.4 S.E.) higher than the level seen in HL-60 
cells, and Bcl-2 expression that was 0.6-fold (+/- 0.05 S.E.) the level seen in HL-60 

30 cells. Mcl-2 expression in SortlO cells in 0.3% FBS was about 0.4-fold the level seen 
in Sort 10 cells incubated in 10% FBS, and 1.7-fold the level seen in HL-60 cells 
incubated in 0.3% FBS. 
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The effect of serum on Mcl-1 expression was further assessed in ML-1 and 
K-562 cell lines. In two independent experiments, Mcl-1 expression increased in 
response to serum stimulation in ML-1 cells about 4.1 -fold (+/- 0.2 S.E.) at 2 to 8 hr 
5 after transfer to 20% FBS; this level is about 50% of the expression observed in cells 
treated with TPA. Expression of Bcl-2 did not change substantially, averaging about 
1.5 -fold at 0.5 to 24 hr. K-562 cells assayed in parallel exhibited even less of a 
response (about 2.1 -fold (+/- 0.5 S.E.), and cells transfected with p(-1656)Mcl-lluc 
exhibited only a 2-fold increase in luciferase activity upon serum stimulation. 
1 0 However, in separate experiments, an approximately 7-fold increase in response to 
serum was observed in the B lymphoid Ramos line. Thus, in some hematopoietic 
cells, Mcl-1 expression can respond to stimuli other than strictly those that 
specifically affect myelomonocytic cells. 



fai 15 Previous studies had indicated that the increase in Mcl-1 expression due to 

4 a stimulation with TPA or through the GM-CSF-R was associated with increased 

transcription and no alteration in protein stability (see, for example, Yang et al., 
supra, 1996). The results disclosed herein demonstrate that Mcl-1 expression is 
increased in the presence of a variety of myelomonocytic growth and differentiation 
20 stimuli, and also can be affected by serum. 

EXAMPLE II 

EXON SKIPPING IN Mcl-1 PRODUCES A PRO-APOPTOTIC Mcl-1 VARIANT 

25 This example demonstrates that the Mcl-1 gene, in addition to encoding the anti- 

apoptotic Mcl-1 polypeptide, encodes a shorter pro-apoptotic Mcl-1 variant, designated 
Mcl- ls/ATM. 

A. EXPERIMENTAL PROCEDURES 
30 1. Isolation and culture of human cells and cell lines 

Human peripheral blood neutrophils and mononuclear (PBMC) cells were 
isolated from normal healthy donors by dextran sedimentation and plasma-Percoll 
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gradient centrifugation and cultured in RPMI and 10% FCS in teflon pools. 
Monocyte-derived macrophages were obtained by purification of PBMC and 
adherence to tissue-culture plasticware in serum-free medium for 1 hr, followed by 
culture for 4 to 5 days in Iscove's DME and 10% autologous serum (Savill et al., 
5 J. Clin. Invest. 83:865-875 (1989)). Established cell lines, ML-1, THP-1, K562, 

Jurkat 5 A549, H441, HepG2 and MCF-7 cells were cultured in RPMI with 10% FCS, 
10 mM glutamine, and 50 ug/ml streptomycin and penicillin.. 

2. RT-PCR detection of Mcl- Is/ATM in human cells and cell lines 
10 Total RNA was isolated from peripheral blood cells and cell lines by the 

RNAEASY system (Qiagen). First strand cDNA was generated by oligodT-primed 
reverse transcription using avian myeloblastosis virus reverse transcriptase 
(Promega), under standard conditions (1 jig RNA in a total volume of 50 \xl). 
bj Aliquots (5 |il) were subjected to amplification with one of several sets of primers, as 

fn 15 follows: 

* Mcl-1-F3, 5' GTT GGT CGG GGA ATC TGG TA (SEQ ID NO: 14); 

Mcl 1-F4, 5' ATC TCT CGG TAC CTT CGG GA (SEQ ID NO: 15); 
Mcl-1-F5 5' GTA AGG AGT CGG GGT CTT CCC (SEQ ID NO: 16); 
Mcl-1-R4, 5' AAA TTA ATG AAT TCG GCG GG (SEQ ID NO: 17); and 
20 Mcl-1-R7 5' TCC TCT TGC CAC TTG CTT TTC (SEQ ID NO: 1 8). 

Reactions used the following primer combinations: F3 and R4, F4 and R4, or 
F5 and R7. PCR was performed in a PCT2000 thermal cycler (MJ Research) for 
30 cycles, with denaturation at 94°C for 60 sec, annealing at 60°C for 60 sec, and 
25 extension at 72°C for 60 sec. Aliquots of the reaction products were subjected to 
electrophoresis in 1% or 2% agarose gels and visualized by staining with ethidium 
bromide. The bands obtained with the F4/R4 and F5/R7 primer combinations were 
excised and cloned using the TOPO pCRII and bi-directional eukaryotic (pCR3.1) 
TA cloning systems (Invitrogen). Representative minipreps were chosen for sequence 
30 analysis using an ABI 373 automatic sequencer. The complete sequence was 
obtained from multiple clones. 
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3. Cloning, mapping, and sequencing of the human Mcl-1 genomic locus 

A 32 P-labeled probe containing the entire Mcl-1 coding region (p3.2; Kozopas 
et al., supra, 1993) was used to screen a human leukocyte genomic in the EMBL-3 
lambda phage vector (Clontech; Palo Alto CA), using standard techniques. The 
5 resulting positive clones were characterized by restriction enzyme mapping. Selected 
restriction enzyme fragments were isolated from agarose gels, subcloned into the 
pBluescript SKII+ vector (Stratagene), and sequenced on both strands. 

4. Identification of Mcl-1 transcriptional start sites 

10 Primer extension was performed using an oligonucleotide primer 

complementary to the Mcl-1 coding region in its upstream portion: 

£3 

S primer #105C, 5'-CCCCACAGTAGAGGTTGAGTCCGATTACCG-3' (SEQ 

21 ID NO: 19). Counting the ATG of the initiator methionine as the first through third 

ijj nucleotides, the primer used represents nucleotides 23 to 52 (or nucleotides 77 to 106 

15 of the p3.2 Mcl-1 cDNA Kozopas, supra, 1993; Townsend et al., J. Biol. Chem. 

4= 274:1802-1813 (1999), which is incorporated herein by reference). 

S 

^=s 

f~ The primer was 5 '-end-labeling with 32 P using T4 polynucleotide kinase, then 

4= approximately 2 x 10 5 cpm was hybridized to total RNA (20 |ig) from ML-1 cells that 

jF? 20 had been treated with TPA to increase expression of the Mcl-1 mRNA. As a control, 

the primer was hybridized in parallel to yeast tRNA (20 |ag). Hybridization was 
carried out at 30°C for 14 hr in 10 mM Tris-Cl buffer (pH 8.3) containing 
150 mM KC1 and 1 mM EDTA. 

25 Reverse transcription (RT) with AMV reverse transcriptase (Promega) was 

carried out at 42°C for 90 min in 50 mM Tris-Cl buffer (pH 8.3) containing 10 mM 
MgCb, 50 mM KC1, 10 mM DTT, deoxynucleotide triphosphates (0.25 mM each), 
and 0.15 |ig/|al actinomycin D. The reaction was stopped by adding EDTA to 20 |iM, 
then the samples were treated with RNase A (Sigma) at 37°C for 30 min, extracted 

30 with phenol/chloroform, precipitated with ethanol, and subjected to gel 
electrophoresis. 
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S 1 nuclease protection assays were performed using a 32 P-labeled single- 
stranded DNA probe complementary to Mcl-1 in the upstream portion of the coding 
sequence and extending into the 5 f -flanking region immediately upstream. This probe 
was prepared using a template representing single stranded Mcl-1 genomic DNA 
derived from an Ml 3 subclone containing the transcript strand of a 567 base 
SacI/NotI Mcl-1 genomic subclone from this region (clone SN0.6, which extends 
from the NotI site within Mcl-1 exon 1 to a SacI site approximately 0.6 kb upstream). 
The 32 P-labeled #105C oligonucleotide primer (SEQ ID NO: 19) was annealed to this 
template and the extension reaction was carried out. 



The double-stranded DNA product obtained was cleaved at a Dral site 
153 nucleotides upstream from the initiator methionine (Townsend et al., supra, 
1999). After alkaline denaturing gel electrophoresis, phenol extraction, and ethanol 
precipitation, the resultant 5'-end labeled single stranded probe, 205 bases in length 
hj 15 (2 x 10 5 cpm) was hybridized with total RNA (30 jag) from ML-1 cells treated with 

^ s TPA (Kozopas et al., supra, 1993). As a control, the probe was hybridized in parallel 

O to yeast tRNA (20 |ig). Hybridization (20 |il per reaction) was carried out at 30°C in 

p 40 mM PIPES (pH 6.4) containing 80% formamide, 400 mM NaCl, and 1 mM 

•|= EDTA. After 14 hr, the hybridization reaction mixture was diluted by addition of 

20 300 \i\ SI nuclease buffer (50 [iM sodium acetate (pH 4.5) containing 0.28 M NaCl 
and 4.5 mM ZnS0 4 ), to which denatured calf thymus DNA (0.02 ^ig/|j.l) had been 
added. Digestion with SI nuclease (300 units) was carried out at 30°C for 60 min, 
and was terminated by the addition of 80 \il of stop buffer (4 M ammonium acetate 
(pH 8.0) containing 20 mM EDTA and 40 ng/ml yeast tRNA). After ethanol 
25 precipitation and resuspension in formamide, the size of the protected fragments was 
assessed by gel electrophoresis on a DNA sequencing gel alongside a sequencing 
reaction carried out with the #105C primer and the SN0.6 Ml 3 clone as template. 
The products of the primer extension reaction were analyzed on the same gel. 

30 5 . Transient transfection with Mcl- 1 s/ATM 

Two types of expression constructs were prepared for use in transfection into 
mammalian cells. In one set of constructs, Mcl-1 or the Mcl-1 s/ATM variant were 
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expressed in the pCR3.1 vector; in the second set of constructs, Mcl-1 was fused to 
green fluorescent protein (GFP). The Mcl-1 RT-PCR reaction products from the 
F4/R4 primer pair reactions (SEQ ID NOS: 15 and 17, respectively; cloned in 
pCR3.1) were digested with Kpnl (a Kpnl site is present in the F4 primer; SEQ ID 
5 NO: 15) and Hindlll, as was full length Mcl-1 (Mcl-1 clone p3.2 in pBluescriptll SK); 
Kozopas et al., supra, 1993) and the resulting 5' region of the cDNA was isolated and 
ligated into pCR3.1 to yield full length Mcl-1 and Mcl-1 s/AM. The C-terminal GFP 
fusion protein expression constructs were made by digesting the two Mcl-1 fragments 
from the pCR3.1 clones using Hindlll and PstI, followed by sub-cloning in frame into 
10 pEGFP-Cl (Clontech), to yield pEGFP-Mcl-1 and pEGFP-Mcl- ls/ATM. The 
m resulting clones were sequenced using flanking and internal oligonucleotides. 

fft The pCR3.1 -based Mcl-1 clones were transiently transfected into subconfluent 

monolayers of Hela cells in 12 well plates using SUPERFECT (Qiagen). One jug of 
3 15 each of the constructs to be tested - pCR3.1-Mcl-l, pCR3.1-Mcl- ls/ATM, pcDNABax 

(positive control), or insertless pCR3.1 vector (negative control) - was transfected 
Q along with pCMV-Pgal (1 jag; Promega) as a marker of transfection. The use of a 

r y h total of 2 (ig of DNA per well was based on a series of initial transfections. Forty hr 

i: after transfection, cells were fixed, stained for P~gal activity, and analyzed 

O 

O 20 microscopically to assess cell morphology. Transfection experiments were performed 

in a double blind manner and cells were scored either as having a normal, viable 
morphology (flat, healthy cells) or an abnormal morphology characteristic of dying 
cells (dense, rounded, detaching cells). All blue staining cells in each dish were 
counted and the results were expressed as percentages of cells with viable versus 
25 dying phenotypes. 

The pEGFP-based vectors (pEGFP-Mcl- 1 , pEGFP-Mcl- 1 s/ATM, and 
insertless pEGFP -CI; 0.25 jig each) were transfected into subconfluent monolayers 
of the human airway epithelial cell line, A549, in chamber slides using 
30 LIPOFECT AMINE. Following overnight culture, transfected cells expressing the 
fusion proteins were examined by confocal microscopy to assess cell death in an 
analogous manner to that described above. 
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B f RESULTS 

1 . Mcl-1 s/ATM is expressed with full length Mcl-1 in a variety of cell types 
5 A search of GenBank for sequences related to human Mcl-1 revealed several 

Mcl-1 encoding human EST sequences that contained an internal 248 bp deletion 
corresponding to nucleotides 749 to 996 of the full length Mcl-1 cDNA. Several 
internally deleted Mcl-1 cDNAs were present in three distinct cDNA libraries (see 
GenBank accession Nos. AA457098, AA749362, AA521010 and AI435426, each of 
1 0 which is incorporated herein by reference). Based on this observation, the present 

study was undertaken to isolate that human Mcl-1 gene and determine whether Mcl-1 

-si 

i|J could undergo a form of alternative splicing, similar to Bcl-x. 

,I a 

yj 

W A distinct transcript representing such an Mcl-1 deletion had not been 



CJ 



m 15 identified previously by northern blots. However, this result is not necessarily 

^° surprising because a 248 bp deletion of the Mcl-1 transcript would represent a 

a 

Q decrease in molecular mass of only about 7% as compared to the full length 3.8 kb 

M 

Ll Mcl-1 transcript (Kozopas et al., supra, 1993; Yang et al., supra, 1996) and because 

4" probes that recognize a putative deleted transcript would also recognize full length 

CJ 

20 Mcl-1. Accordingly, RT-PCR using primers from either side of the putative deletion 
was performed to determine whether an internally deleted Mcl-1 transcript was 
expressed. 

Two distinct cDNA products were obtained by RT-PCR. One cDNA product 
25 corresponded to the size expected for full length Mcl-1 and the other cDNA product 
was approximately 250 bp shorter that the full length Mcl-1 transcript. The two 
different cDNA products were obtained using three different combinations of primers 
(F3 and R4, F4 and R4, and F5 and R7; SEQ ID NOS: 14 to 17, SEQ ID NOS: 15 
and 17, and SEQ ID NOS: 16 and 18, respectively). 



30 



The same results were obtained using RNA from a variety of different types of 
cells, including primary hematopoietic cells, for example, neutrophils, as well as cell 
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lines of both hematopoietic and non-hematopoietic origin, for example, epithelial 
cells. The smaller of the cDNA products consistently stained less intensely than the 
longer product, suggesting that it represented a transcript of lower abundance such as 
is seen for Bcl-xs, which generally is less abundant than Bc1-xl. 

5 

Cloning and sequencing of the two cDNA products obtained by RT-PCR 
demonstrated that the longer product matched the full length Mcl-1 sequence, while 
the shorter product contained the internal deletion of nucleotides 749 to 996. This 
deletion lies within the protein coding sequence (nucleotides 61 to 1 1 10 of the full 
10 length Mcl-1 cDNA; GenBank Accession No. L08246; see, also, U.S. Patent 

No. 5,470,955, which is incorporated herein by reference). Both the shorter and the 
JJ! longer product contained the Mcl-1 translation start site, as well as a STOP codon 

21 (determined by sequencing the products obtained with primers F5 and R7, 

53; 
■wo- 

lij representing regions upstream (F5) and downstream (R7) of the Mcl-1 coding 

Lk 

15 sequence). These results demonstrate that an mRNA containing a 248 bp deletion 
4» within the coding sequence of Mcl-1 is expressed in cells and can encode an Mcl-1 

3 

□ variant polypeptide. 



Except for the 248 bp deletion, the nucleotide sequence of the variant Mcl-1 
20 matches that of the full length cDNA. However, the sequence downstream of the 

deletion is in a different reading frame in the variant. As a result, the predicted amino 
acid sequence for the Mcl-1 variant polypeptide is identical to that of the full length 
Mcl-1 upstream of the deletion, but differs at the C-terminus (see Figure 4 A). 
Specifically, the first 229 amino acid residues of the 271 amino acid internally deleted 
25 Mcl-1 variant are identical to full length Mcl-1, while the C-terminal 42 residues are 
not represented in the full length Mcl-1 (Figures 4A and 4B). 

The deletion in the Mcl-1 variant does not affect the upstream portion of 
Mcl-1, which encodes the PEST sequences and the BH3 domain, but substantially 
30 affects the downstream portion, which, in full length Mcl-1, encodes the BH1, BH2, 
and TM domains (Figures 4 A and 4B). The C-terminus of the deleted Mcl-1 gene 
product differs not only from the full length Mcl-1, but also does not match any other 
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protein reported in databases. The internally deleted variant, which encodes a shorter 
protein with an altered C-terminus, was designated Mcl- Is/ATM, where "s" 
designates "short" and "ATM" designates the "deleted transmembrane (TM) domain." 

5 The Mcl-ls/ATM variant is similar in some respects to pro-apoptotic Bcl-xs 

which retains the BH3 domain, but not the BH1 and BH2 domains. However, the 
Mcl-ls/ATM variant is different in that the splicing that yields Bcl-xs does not affect 
the reading frame and, therefore, does not affect the C-terminal TM domain. The 
Mcl-ls/ATM variant is similar to other pro-apoptotic family members, including Bid 
10 and Bad, which contain the BH3 domain, but not the BH1, BH2, or TM domains. 
These results indicate that the Mcl-ls/ATM variant shares characteristics of 
pro-apoptotic Bcl-2 family members. 



W 2. The Mcl-ls/ATM variant is formed due to skipping of a central coding 

A3 1 5 exon delineated by an intron downstream of BH3 along with the conserved 

f intron in BH2 

O The splicing that yields Bcl-xs results from the use of an alternate upstream 

E : 

splice donor site lying within the first coding exon (Boise et al., supra, 1993); Bcl-x, 
21 like other anti-apoptotic family members, contains a single intron in the protein 

Q 20 coding region (see, for example, Boise et al., supra, 1993; Gibson et al., supra, 1996; 

Seto et al., supra, 1988). 

A determination as to how the Mcl-ls/ATM variant arises was made by 
examining approximately 30 kb of the Mcl-1 human genomic locus. In contrast to 

25 other anti-apoptotic family members, Mcl-1 contained three coding exons 

(Figure 5 A), and contains an intron just downstream of BH3 as well as an intron 
further downstream in BH2 that is conserved among the apoptotic protein family 
members (Muchmore et al., supra, 1996). Exon 1 is G/C-rich and encodes the first 
229 amino acid residues, including the PEST sequences and the BH3 domain; exon 2 

30 encodes BH1 and a portion of BH2; and exon 3 encodes the remainder of BH2 and 
the C-terminal TM domain (Figure 5A). 
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The Mcl- Is/ATM variant represents exon 1 joined to exon 3, with skipping of 
exon 2 (Figure 5B). Exons 2 and 3 are not in the same phase, thus accounting for the 
shift in reading frame at the C-terminus of Mcl-ls/ATM as compared to Mcl-1 . The 
other anti-apoptotic family members do not contain an intron comparable to Mcl-1 
intron 1 . However, an intron is present at this location in the gene encoding the 
pro-apoptotic Bax polypeptide (Bax intron 3; Oltvai et al., supra, 1993). 

3. Mcl-1 transcription initiation sites lie directly upstream of the first coding 
exon 

Both Bcl-2 and Bcl-x contain upstream untranslated exons in addition to the 
two coding exons (see, for example, Grillot et al., supra, 1997). The presence of 
corresponding upstream exons and the transcription start site of Mcl-1 was examined 
by primer extension analysis and SI nuclease mapping. By primer extension, the 
most abundant of the products extended to about 70 bp upstream of the Mcl-1 
translation start site (see Figure 3B), and an additional product extended 10 bp further 
upstream. These results indicated that transcription initiated in the region of two 
tandem initiator sequences (see Example I; see, also, Liston and Johnson, Mol. Cell. 
Biol. 19:2380-2388 (1999)) present at this location in the immediate S'-flanking 
sequence of the Mcl-1 gene. 

The primer extension analysis did not specify initiation exclusively at a single 
nucleotide within the region of the Mcl-1 containing the tandem initiator sequences, 
but, instead, indicated that the Mcl-1 gene contains two initiator sequences, such that 
translation is initiated within an approximately 10 bp sequence of the Mcl-1 gene. 
S 1 nuclease mapping also yielded a protected fragment indicative of transcriptional 
initiation in the region of the initiator sequences. The longest fragment obtained upon 
S 1 nuclease mapping corresponded most closely to the more downstream of the sites 
identified by primer extension. Additional shorter fragments also were present, but 
can be a result of incomplete protection from SI nuclease digestion. The failure to 
detected the more upstream site by SI nuclease mapping may be related to the fact 
that it was associated with less abundant primer extension products. It could also 
relate to the presence of a repeated CACTTC sequence in the tandem initiators that 
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may allow the formation of a loop upon binding to the probe. Nevertheless, both 
mapping methods indicated that a majority of Mcl-1 transcripts initiated from the 
more downstream of the two initiator sequences. Accordingly, this location was 
designated as position +1 (see Figure 3B). 

5 

Figure 3B shows the position of the initiator sequences relative to other 
features of the immediate 5'-flanking sequence of the Mcl-1 gene. Upstream from the 
initiator sequences lie the Ets and SRF binding elements involved in transcriptional 
regulation of the human Mcl-1 gene (see Example I). Elements similar to these 
1 0 transcription factor binding sites, as well as a potential initiator sequence, also are 
present in the 5'-flanking sequence of the mouse Mcl-1 gene (Wang et al., supra, 
1999; Chao et al., Mol. Cell. Biol. 18:4883-4898 (1998), although the mouse Mcl-1 
sequence only demonstrates about 56% sequence identity with the S'-flanking region 
r yi of human Mcl-1. These conserved elements may function similarly in the two 

1 5 species, as mutations affecting this region also affect transcription from the mouse 
4* Mcl-1 promoter (Wang et al., supra, 1999). Further upstream, the human Mcl-1 gene 

ri also contains a GGCCCC repeat region within a G/C-rich region (see Figure 5A). 

; " Thus, the initiator sequences that mark the sites of Mcl-1 transcription lie in a region 

42 located between an upstream G/C-rich region and the downstream G/C-rich first 

O 

20 coding exon. 



The primer extension assay also revealed a very faint product extended 
approximately 25 nucleotides upstream of the other 2 sites, to about 155 bp from the 
#105C primer. This product indicates that transcription can also initiate further 

25 upstream, and is consistent with the observation that several EST clones present in the 
databases extend to near the two initiator sequences (see, for example, GenBank 
Accession Nos. AI204385, AI202072, AA776756, and AI340205), while other EST 
clones contain additional upstream sequence (see, for example, GenBank Accession 
Nos. AI439001, AA884201, and AA453505). However, in the latter three clones, the 

30 upstream sequence is colinear with Mcl-1 genomic DNA, rather than containing a 
large gap. Thus, while the upstream portion of Mcl-1 contains regions that can be 
candidate splice donor and acceptor sequences, an upstream untranslated exon has not 
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been identified. These results indicate that human Mcl-1 is transcribed from a region 
of the Mcl-1 gene containing tandem initiator sequences that lies 69 to 82 bp directly 
upstream of the coding sequence. 



4. Transfection with the Mcl-ls/ATM variant results in cell death 



S 



10 



15 



20 
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30 



The results discussed above indicate that the internally deleted Mcl-1 variant 
displays features similar to pro-apoptotic family members Bid and Bad, which contain ' 
only the BH3 domain. Accordingly, the ability of Mcl-ls/ATM to induce apoptosis 
was examined in mammalian epithelial cells. 




"Transient transfection assays were performed in/Hela cells%y co-transfecting a 



pCR3.1 -Mcl-ls/ATM construct with pCMV-Pgal as a marker for transfected cells. In 
control cells transfected with the insertless vector (pCR3il; negative control), the 
majority of cells expressing the Pgal marker remained morphologically normal and 
viable. In cells transfected with a Bax expression vector (positive control), the 
majority of transfected cells underwent cell death, as expected. Cell death was 
prominent in HeLa cells transfected with pCR3.1 -Mcl-ls/ATM, with the transfected 
cells rounding up, and undergoing cell shrinkage and blebbing. Parallel cultures 
transfected with full length Mcl-1 (pCR3.1 -Mcl-1) did not exhibit these 
morphological changes, in agreement with previous experiments in which Mcl-1 
promoted viability of cells exposed to apoptosis-inducing stimuli without producing 
untoward effects in cells not exposed to such stimuli (Zhou et al., supra, 1997). 
These results indicate that Mcl-ls/ATM causes cell death, with the dying cells 
exhibiting the typical morphologic features of apoptosis. 

The effect of the Mcl-ls/ATM on cell death was quantitated by counting all 
blue staining cells and scoring them, in a double blind manner, as either having a 
"normal," viable morphology (flat, healthy cells) or an "abnormal" morphology 
characteristic of cells dying by apoptosis (dense, rounded, detaching cells). This 
analysis showed that expression of the Mcl-ls/ATM isoform was as effective as Bax 
in killing Hela cells. Similar results were obtained when these constructs were 
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transfected into A549 airway epithelial cells, thus confirming that transient expression 
of the Mcl-1 variant promoted apoptotic cell death. 

The effect of Mcl-1 s/ ATM on cell death also was assessed using expression 
constructs in which the Mcl-1 isoforms expressed from the vector pEGFP-Cl as GFP 
fusion proteins. This study was carried out using A549 cells, which, as discussed 
above, demonstrated a cell death response following transient transfection with 
pCR3.1-Mcl-ls/ATM. Cells expressing the full length Mcl-1 -EGFP fusion protein, or 
EGFP alone, exhibited no change in morphology. In contrast, cells expressing the 
Mcl-1 s/ATM-EGFP fusion construct exhibited the morphological features of 
apoptosis, including nuclear condensation and cytoplasmic blebbing. These results 
demonstrate that Mcl-ls/ATM isoform expression induced apoptosis in various cell 
types. 

Although the invention has been described with reference to the above examples, 
it will be understood that modifications and variations are encompassed within the spirit 
and scope of the invention. Accordingly, the invention is limited only by the following 
claims. 
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